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Closed field unbalanced magnetron sputtering was used to deposit diamond-like carbon (Ti-C:H) coatings
on Ti6Al4V alloy and gas nitrided Ti6Al4V alloy. Four different specimens were prepared, namely un-
treated Ti6Al4Valloy (Ti6Al4V), gas nitrided Ti6Al4V alloy (N-Ti6Al4V), Ti-C:H-coated Ti6Al4Valloy (Ti-
C:H/Ti6Al4V) and Ti-C:H-coated gas nitrided Ti6Al4V alloy (Ti-C:H/N-Ti6Al4V). The tribological prop-
erties of the four specimens were evaluated using a reciprocating wear tester sliding against a Si3N4 ball
(point contact mode) and 316L stainless steel cylinder (line contact mode). The wear tests were performed in
a 0.89 wt.% NaCl solution. The results showed that the nitriding treatment increased the surface roughness
and hardness of the Ti6Al4V alloy and improved the wear resistance as a result. In addition, the Ti-C:H
coating also improved the tribological performance of Ti6Al4V. For example, compared to the untreated
Ti6Al4V sample, the Ti-C:H coating reduced the wear depth and friction coefficient by 340 times and 10
times, respectively, in the point contact wear mode, and 151 times and 9 times, respectively, in the line
contact wear mode. It is thus inferred that diamond-like carbon coatings are of significant benefit in
extending the service life of artificial biomedical implants.

Keywords nitrided Ti6Al4V alloy, Ti-C:H coating, tribological
properties

1. Introduction

Surgical implants are generally made from ultra-high
molecular weight polyethylene. However, while such implants
have a low weight, they also have a low strength and are thus
prone to wear following prolonged use. The particulate wear
debris stimulate mononuclear cells to secrete cytokines, activate
osteoclast for bone resorption, prompt osteolysis and cause an
eventual loosening of the implant (Ref 1, 2). To resolve these
problems, several researchers have suggested replacing poly-
ethylene with ceramic or metal materials with a higher wear
resistance (Ref 3, 4). However, ceramic materials in particular
tend to crack under shock and are therefore unsuitable for
young patients (below 50 years of age) or those who perform
regular strenuous exercise (Ref 5, 6). Mainstream metal implant
materials mainly comprise stainless steel, titanium alloy and
chrome alloy; all of which have excellent passivity (and thus
good biological compatibility) due to their ready oxidation in
air and a high corrosion resistance (Ref 7). Moreover, their
elastic coefficients are approximately the same as that of bone,
and their strength is higher than that of high molecular weight
materials. However, they have a poorer wear resistance than

ceramic materials. For example, the service life of an artificial
all-metal hip joint for patients above 65 years old is around
15 years (Ref 8), whereas that of an artificial all-ceramic hip
joint is over 20 years (Ref 9).

Diamond-like carbon (DLC) films have high hardness, high
wear resistance, low friction, high chemical passivity and good
biological compatibility. Consequently, DLC films have signif-
icant potential for the surface protection of medical implants.
Various studies have demonstrated the effectiveness of DLC
coatings in preventing the proliferation of bacteria on stainless
steel or silicon substrates (Ref 10-13). Furthermore, DLC
coatings on biomedical stainless steel (Ref 14) and NiTi alloy
(Ref 15) provide good wear resistance when sliding against
high density polyethylene and Si3N4, respectively. Importantly,
DLC coatings also have good biocompatibility. For example,
many studies have shown that DLC coatings on silicon wafers
(Ref 16, 17), Si3N4 ceramic materials (Ref 18) and polycar-
bonate tissue culture inserts (Ref 19) promote the proliferation
of cells. Moreover, due to their excellent hemocompatibility,
DLC coatings can also be applied to cardiovascular implants,
such as artificial heart valves and stents, blood pumps (Ref 20).

Once human implants are implanted, it is not only extremely
expensive to remove or replace them, but also causes the
patient further suffering and pain. Consequently, it is essential
to maximize the service life of biomedical implants through an
appropriate choice of implant material or surface treatment.
Previous studies have shown that DLC films coated on
Ti6Al4V alloy substrates previously treated by N2 plasma
(Ref 21), O2 plasma (Ref 22), or micro-arc oxidation (Ref 23)
yield a significant improvement in the wear resistance.
Accordingly, this study investigates the mechanical properties,
metallographic structures and tribological performance of four
Ti6Al4V samples, namely untreated Ti6Al4V alloy (Ti6Al4V),
gas nitrided Ti6Al4V alloy (N-Ti6Al4V), Ti-C:H-coated
Ti6Al4V alloy (Ti-C:H/Ti6Al4V) and Ti-C:H-coated gas
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nitrided Ti6Al4V alloy (Ti-C:H/N-Ti6Al4V). Overall, the
results provide a useful insight into the optimal surface
treatment for Ti6Al4V biomedical implants.

2. Experimental Method

2.1 High-Temperature Gas Nitridation

Previous studies have shown that the wear resistance of
nitrided Ti6Al4Valloy increases with an increasing temperature
and plasma nitriding time under vacuum conditions. For
example, the authors in Ref 24 enhanced the wear resistance
of Ti6Al4V alloy by performing the nitriding process at a
temperature of 750 �C using a processing time of 4 h and a
pressure of 2.5 Pa. Similarly, the authors in Ref 25 performed
nitriding using a temperature of 900 �C, a processing time of
12 h and a pressure of 0.0013 Pa. In the present study, Ti6Al4V
samples with an average surface roughness of Ra = 0.021 lm
were nitrided in a pure nitrogen environment. The nitriding
process was performed at temperatures of 600, 800, 860 and
900 �C for soaking times of 30, 30, 10 and 120 min,
respectively. The heating rate was set as 10 �C/min in every
case. Following the nitriding process, the samples were cooled
to 60 �C at a rate of 84 �C/min, removed and then placed in an
atmospheric environment. Having cooled to room temperature,
the samples were polished with 0.05 lm Al2O3 to remove any
loose structures or surface impurities. The final surface
roughness was found to be Ra = 0.127 lm.

2.2 Diamond-Like Carbon Coating Deposition

According to a previous study by the present group (Ref 26),
diamond-like (Ti-C:H) coatings with a 3.5 at.% titanium
content exhibit excellent tribological properties. Therefore,
the titanium content in the present Ti-C:H coatings was also
controlled to approximately 3.5 at.%. The Ti-C:H coatings
were deposited on nitrided and non-nitrided Ti6Al4V substrates
using a closed field unbalanced magnetron sputtering system.
The sputtering process was performed using a DC frequency of
50 kHz, a chamber pressure of 0.4 Pa, three graphite targets
and a single titanium target. In addition, the table rotation speed
was set as 3 rpm, methane was used as the reactive gas and Ar
plasma was used as the sputtering source (flow rate: 30 sccm).
The sputtering process commenced by depositing a 0.1-lm
pure Ti transition layer on the substrate using a Ti target current
of 1 A and a substrate voltage bias of �42 V for 20 min. A
hydrogenous Ti-C:H topcoat was then deposited on the Ti
transition layer using a Ti target current of 0.4 A, graphite
target currents of 2.3 A, a substrate voltage bias of �42 Vand a
methane flow rate of 3 sccm for 100 min.

2.3 Surface Morphology, Roughness, Hardness, Adhesion
Analysis and Chemical Composition

To observe the nitrided layer, 5% hydrofluoric acid solution
was evenly spread on the surface of the nitrided N-Ti6Al4V
specimens for around 5 s. The nitrided layer was then
examined using optical microscopy (OM). In addition, the Ti-
C:H coatings on the various specimens were observed using
field emission scanning electron microscopy (FE-SEM). The
hardness of the Ti-C:H-coated samples (Ti-C:H/Ti6Al4V and
Ti-C:H/N-Ti6Al4V) was evaluated using an LBI Nanoindenter

(UNAT-M, Germany) with a Berkovich diamond tip and a
maximum applied load of 5 mN. The hardness of the uncoated
samples was measured using a Knoop hardness tester under a
constant load of 10 g for 15 s. For all of the samples, the
hardness was taken as the average value obtained over eight
separate measurements. The adhesion properties of the Ti-C:H
coatings were evaluated in accordance with the failure mode
observed in indentation tests (Ref 27) performed using a
Rockwell hardness machine under a load of 150 kgf. Finally,
the chemical compositions of the sample surfaces were
evaluated via energy-dispersive x-ray spectroscopy (EDS).

2.4 Tribological Properties

The tribological properties of the various samples were
evaluated using a reciprocating wear tester in both the point
contact mode and the line contact mode. The point contact wear
tests were performed using a Si3N4 ceramic ball with a diameter
of 10 mm, while the line contact wear tests were performed
using a 316L stainless steel cylinder with a length and diameter
of 22 and 15 mm, respectively. In the point contact wear tests,
the load was set as 10, 20 and 30 N. The line contact wear tests
were performed under loads of 100, 150 and 200 N, respec-
tively. For both wear modes, the stroke length was set as 1 mm,

Fig. 1 (a) Sectional metallographic image of N-Ti6Al4V nitrided
layer and (b) sectional metallographic image of Ti-C:H coating on
Ti6Al4V substrate
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the sliding frequency as 50 Hz and the total test time as 24 min.
Furthermore, all of the tests were performed in a 0.89 wt.%
NaCl solution. After the experiments, the friction coefficient,
wear width and wear depth were recorded for all of the
specimens. Moreover, the wear surfaces were examined by FE-
SEM and EDS.

3. Results and Discussion

3.1 Surface Morphology, Roughness, Hardness, Adhesion
Analysis and Chemical Composition

Figure 1(a) shows an OM image of the gas nitrided layer on
the surface of the N-Ti6Al4V sample. It is seen that the nitrided
layer has a depth of approximately 50 lm. The chemical
composition of the nitrided layer was evaluated using a glow
discharge spectrometer (LECO GDS-750 QDP, America)
operated with a DC power source (600-1500 V). The relative

concentration (at.%) of N was found to reduce from around
26% at the surface to approximately 9% at a depth of 1.2 lm
and 1.3% at a depth of 10 lm. In addition, the Ti, V and Al
concentrations at a depth of 10 lm were around 83, 3.2 and
12.5%, respectively, and approached those of the untreated
sample (i.e., 83.78, 3.51 and 12.71%) at a depth of around
50 lm. Figure 1(b) presents a cross-sectional SEM image of
the Ti-C:H/Ti6Al4V sample. As shown, the DLC coating has a
non-columnar crystal structure and a thickness of around 1 lm.

As shown in Fig. 2(a), the untreated Ti6Al4V sample has a
smooth surface with a roughness of approximately
Ra = 0.021 lm and a hardness of 3.16 GPa. For the N-
Ti6Al4V sample, the surface contains a large number of
wrinkles. Moreover, the surface roughness and hardness
increase to Ra = 0.127 lm and 9.05 GPa, respectively. For
the Ti-C:H/Ti6Al4V and Ti-C:H/N-Ti6Al4V samples, the
surface roughness is Ra = 0.03 lm and Ra = 0.175 lm,
respectively (see Fig. 2c and d). Figure 2 also shows the
EDS analysis results for the surface compositions of the

Fig. 2 SEM micrographs and chemical compositions of: (a) Ti6Al4V, (b) N-Ti6Al4V, (c) Ti-C:H/Ti6Al4V and (d) Ti-C:H/N-Ti6Al4V samples
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samples. It is seen that the Ti6Al4V sample contains 12.71%
Al, 83.78% Ti and 3.51% V (Fig. 2a), while the N-Ti6Al4V
sample consists of 22.87% N, 3.13% Al, 73.68% Ti and 0.32%
V (Fig. 2b). For the coated samples, the Ti-C:H/Ti6Al4V
specimen consists of 97.10% C and 2.90% Ti (Fig. 2c), while
the Ti-C:H/N-Ti6Al4V sample contains 96.61% C and 3.39%
Ti (Fig. 2d). The Ti-C:H/Ti6Al4V and Ti-C:H/N-Ti6Al4V
coatings were found to have hardness values of 16.71 and
16.90 GPa, respectively. In a previous study (Ref 28), it was
shown that the coating hardness is unaffected by the underlying
substrate if the maximum indentation depth is less than one-
tenth of the coating thickness. In the present study, the
maximum indentation depths of the Ti-C:H/Ti6Al4V and Ti-
C:H/N-Ti6Al4V samples were 73±6 and 71±4 nm, respec-
tively. Therefore, the indentation depth was less than one-tenth

of the Ti-C:H coating thickness (1000 nm) for both samples,
and hence, the substrate effect can be ignored. Figure 3(a)
presents an SEM image of the indented Ti-C:H/Ti6Al4V
sample. It is seen that the region of the coating around the
indentation contains almost no cracks. In other words, the
coating has excellent adhesion properties [i.e., Class A (Ref
27)]. Figure 3(b) shows that the coating around the indentation
in the Ti-C:H/N-Ti6Al4V sample contains a small number of
cracks. However, the coating is still judged to have Class A
adhesion properties.

3.2 Tribological Properties

3.2.1 Friction and Wear Resistance Properties in Point
Contact Mode. Figure 4(a) shows the average friction coef-
ficients of the Ti6Al4V, N-Ti6Al4V, Ti-C:H/Ti6Al4V and
Ti-C:H/N-Ti6Al4V samples when sliding against the Si3N4

ball under loads of 10, 20 and 30 N, respectively. It is seen that
for all four samples, the friction coefficient reduces slightly
with an increasing load. The Ti6Al4V and N-Ti6Al4V spec-
imens both have high friction coefficients in the range of
0.5�0.7. However, the coated Ti-C:H/Ti6Al4V and Ti-C:H/N-
Ti6Al4V samples have friction coefficients ranging from 0.042
to 0.079, i.e., around 10 times lower than those of the uncoated
samples. Figure 4(b) shows the friction coefficient trajectories
of the four samples in the point contact wear mode tests
performed under a load of 10 N. The untreated Ti6Al4V
sample has an average friction coefficient of around 0.704,
while the nitrided N-Ti6Al4V sample has an average friction
coefficient of approximately 0.706. In both cases, the friction
coefficient fluctuates severely over the course of the wear test.
The average friction coefficients of the Ti-C:H/Ti6Al4Vand Ti-
C:H/N-Ti6Al4V samples are 0.065 and 0.079, respectively, i.e.,
significantly lower than those of their uncoated counterparts.
Moreover, the trajectories remain smooth and stable over the
entire test duration. In other words, the Ti-C:H coating provides
an effective reduction in the friction force acting at the sliding
contact surface.

Figure 5(a) shows the average wear depths of the Ti6Al4V,
N-Ti6Al4V, Ti-C:H/Ti6Al4V and Ti-C:H/N-Ti6Al4V samples
in the point contact wear tests performed under loads of 10, 20
and 30 N. For all four samples, the wear depth increases with
an increasing load. The untreated Ti6Al4V sample has average
wear depths of 20.4, 27.1 and 32.8 lm under the considered
loads. However, following nitriding, the corresponding wear
depths reduce to 5.13, 8.11 and 15.1 lm, respectively. The Ti-
C:H-coated specimens have extremely low wear depths, i.e.,
0.06, 0.29 and 0.4 lm (Ti-C:H/Ti6Al4V) and 0.14, 0.47 and
0.57 lm (Ti-C:H/N-Ti6Al4V), respectively. From inspection,
the wear depths of the Ti-C:H/Ti6Al4V sample under loads of
10, 20 and 30 N are around 340, 93 and 82 times lower than
those of the untreated Ti6Al4V sample, respectively. In other
words, the Ti-C:H coating provides an excellent anti-wear
performance. Figure 5(b) shows the wear profiles of the four
samples following the point contact wear tests performed under
a load of 10 N. It is observed that the untreated Ti6Al4V
sample experiences the greatest wear, with an average wear
depth and width of 20.4 and 820 lm, respectively. For the
N-Ti6Al4V sample, the wear depth and wear width reduce to
5.13 and 460 lm, respectively. In other words, the nitriding
treatment increases the hardness of the Ti6Al4V alloy and
therefore improves its resistance to plastic deformation and
reduces its wear depth. The wear profiles of the Ti-C:H/

Fig. 3 Rockwell indentation results for: (a) Ti-C:H/Ti6Al4V and
(b) Ti-C:H/N-Ti6Al4V samples
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Ti6Al4V and Ti-C:H/N-Ti6Al4V samples are almost indistin-
guishable in Fig. 5(b). Hence, a magnified view of the two
profiles is shown in Fig. 5(c). It is seen that the Ti-C:H/
Ti6Al4V sample has a wear depth and wear width of 0.06 and
80 lm, respectively, while the Ti-C:H/N-Ti6Al4V sample has a
wear depth of 0.14 lm and a wear width of 120 lm. In other
words, the Ti-C:H coating reduces the wear depth of the
Ti6Al4V sample by around 340 times. The surface roughness
of the Ti-C:H/N-Ti6Al4V sample is around Ra = 0.175 lm,
i.e., approximately 5.8 times higher than that of the Ti-C:H/
Ti6Al4V sample (Ra = 0.03 lm). The higher surface rough-
ness increases the friction coefficient, and hence, the wear
depth also increases.

Figure 6 presents SEM images of the wear surfaces of the
Ti6Al4V, N-Ti6Al4V, Ti-C:H/Ti6Al4V and Ti-C:H/N-Ti6Al4V
samples following the point contact wear tests performed under
a load of 10 N. The SEM image presented in Fig. 6(a) shows
that the Ti6Al4V sample undergoes significant plastic defor-
mation during sliding, resulting in the formation of deep
furrows and pronounced adhesion and oxidation wear. The
abrasive debris particles mainly comprise 51.99 at.% oxygen
and 8.31 at.% silicon. Figure 6(b) shows that the wear surface

of the N-Ti6Al4V sample experiences less plastic deformation
and adhesive wear due to the increased surface hardness
following the nitriding process. It also shows that the wear
surface contains only relatively shallow scrape marks. More-
over, the oxygen content of the wear traces is only 8.8 at.%,
while the silicon content is just 0.7 at.%. Figure 6(c) shows that
the surface of the Ti-C:H/Ti6Al4V sample contains only very
slight scrape marks. Moreover, the Ti-C:H coating remains
virtually intact. The wear trace consists of 96.27 at.% carbon
and 3.73 at.% titanium. In other words, neither oxidation nor
silicon transfer from the sliding counterbody occurs during the
sliding process. Figure 6(d) shows that the wear surface of the
Ti-C:H/N-Ti6Al4V sample also contains only very minor
scrape marks. Moreover, the wear trace once again consists
only of carbon (97.04 at.%) and titanium (2.86 at.%). In other
words, the Ti-C:H coating results in an extremely good
tribological performance characterized by low sliding friction
and high wear resistance.

3.2.2 Friction and Wear Resistance Properties in Line
Contact Mode. Figure 7(a) shows the average friction coef-
ficient values of the Ti6Al4V, N-Ti6Al4V, Ti-C:H/Ti6Al4V and
Ti-C:H/N-Ti6Al4V samples when sliding against the 316L
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Fig. 4 Ti6Al4V samples sliding against Si3N4 ball: (a) histograms of average friction coefficient under loads of 10, 20 and 30 N and (b)
friction coefficient trajectories under sliding load of 10 N
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Fig. 5 Ti6Al4V samples sliding against Si3N4 ball: (a) histogram of average wear depth under loads of 10, 20 and 30 N, (b) wear profiles
under load of 10 N and (c) magnified view of wear profiles of Ti-C:H/Ti6Al4V and Ti-C:H/N-Ti6Al4V samples under load of 10 N
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stainless steel cylinder under loads of 100, 150 and 200 N. It is
seen that for each sample, the friction coefficient is insensitive
to the load. The Ti6Al4V sample has an average friction
coefficient of about 0.56, while the nitrided sample has an
average friction coefficient of approximately 0.36. The coated
samples have low friction coefficients of around 0.06 (Ti-C:H/
Ti6Al4V) and 0.07 (Ti-C:H/N-Ti6Al4V), respectively, i.e.,
around 5�9 times lower than the uncoated samples. Fig-
ure 7(b) shows the friction coefficient trajectories of the four
samples over the course of the line contact wear tests performed
under a load of 100 N. The results confirm that the Ti6Al4V
sample has the highest friction coefficient of the four samples
(i.e., 0.575). Moreover, the friction coefficient fluctuates
severely over the entire test period. The nitrided N-Ti6Al4V
sample has both a lower average friction coefficient (i.e., 0.378)
and a more stable friction coefficient following an initial wear-
in period (approximately 122 s). For the Ti-C:H/Ti6Al4V and
Ti-C:H/N-Ti6Al4V samples, the friction coefficients have
average values of just 0.064 and 0.073, respectively. Moreover,
both friction coefficients remain smooth and stable, with almost
no fluctuations, over the entire test.

Figure 8(a) shows the average wear depths of the four
samples following the line contact wear tests performed under
loads of 100, 150 and 200 N. As expected, the wear depth
increases with an increasing load for each sample. For example,

for the Ti6Al4V sample, the wear depth increases from 20.2 to
24.7 lm as the load is increased from 100 to 200 N. The
nitrided N-Ti6Al4V sample has a wear depth of just
1.78�2.78 lm, indicating the effectiveness of the nitriding
treatment in improving the wear resistance of Ti6Al4V alloy in
line contact mode sliding. The wear depths of the Ti-C:H/
Ti6Al4Vand Ti-C:H/N-Ti6Al4V samples are further reduced to
0.14�0.82 lm. In other words, the Ti-C:H coating provides a
further improvement in the wear resistance properties of the
non-nitrided and nitrided samples. Figure 8(b) shows the wear
profiles of the four samples following line contact sliding under
a load of 100 N. The Ti6Al4V sample has an average wear
depth of 21.2 lm. By contrast, the average wear depth of the N-
Ti6Al4V sample is just 1.78 lm. In other words, the nitriding
treatment increases the surface hardness of the Ti6Al4V
substrate and therefore inhibits plastic deformation under
sliding and improves the wear resistance. The Ti-C:H/Ti6Al4V
and Ti-C:H/N-Ti6Al4V samples have wear depths of 0.14 and
0.28 lm, i.e., around 151 times and 76 times, respectively,
lower than that of the untreated Ti6Al4V sample (21.2 lm).
Figure 8(c) presents a magnified view of the wear profiles on
the N-Ti6Al4V, Ti-C:H/Ti6Al4V and Ti-C:H/N-Ti6Al4V sam-
ples. The wear depth of the Ti-C:H/N-Ti6Al4V sample is
noticeably higher than that of the Ti-C:H/Ti6Al4V sample. As
discussed previously in relation to Fig. 2, the Ti-C:H/Ti6Al4V

Fig. 6 SEM micrographs of wear surfaces of Ti6Al4V samples following sliding against Si3N4 ball under load of 10 N: (a) Ti6Al4V,
(b) N-Ti6Al4V, (c) Ti-C:H/Ti6Al4V and (d) Ti-C:H/N-Ti6Al4V
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sample has a smooth and flat surface, with a roughness of just
Ra = 0.03 lm. By contrast, the Ti-C:H/N-Ti6Al4V surface
contains fine rough protuberances and has a roughness of
Ra = 0.175 lm. The higher surface roughness induces a greater
friction effect and therefore increases both the wear depth and
the wear width, as shown in Fig. 8(c). Nonetheless, the Ti-C:H
coating reduces the wear depth and wear rate considerably
compared to that of the uncoated N-Ti6Al4V sample.

Figure 9 presents SEM micrographs of the wear surfaces of
the Ti6Al4V, N-Ti6Al4V, Ti-C:H/Ti6Al4V and Ti-C:H/N-
Ti6Al4V samples following sliding in the line contact mode
under a load of 100 N. The micrograph in Fig. 9(a) shows that
the wear surface of the untreated Ti6Al4V sample contains
regions of severe plastic deformation together with flakes and
small particles of abrasive debris. The debris particles have an
iron content of 21.81 at.% and an oxygen content of

32.63 at.%. In other words, severe adhesion and oxidation
wear occur during sliding. Figure 9(b) shows that the wear
surface of the N-Ti6Al4V sample contains only shallow scrape
marks. The scrape marks have an iron content of 5.11 at.% and
an oxygen content of 19.19 at.%. The lower iron and oxygen
contents of the nitrided specimen suggest the absence of
significant adhesion or abrasive wear of the wear surface.

The wear surface of the Ti-C:H/Ti6Al4V sample also
contains only slight scrape marks (see Fig. 9c). The scrape
marks consist of 97.23 at.% carbon and 2.77 at.% titanium.
Finally, Fig. 9(d) shows that the wear surface of the Ti-C:H/N-
Ti6Al4V sample also has only a small number of minor
scratches. The scratch marks contain 96.38 at.% carbon and
3.62 at.% titanium. In general, the SEM images presented in
Fig. 9(c) and (d) confirm the effectiveness of the Ti-C:H
coating in improving the tribological performance of Ti6Al4V

Fig. 7 Ti6Al4V samples sliding against 316L stainless steel cylinder: (a) histogram of average friction coefficient under loads of 100, 150 and
200 N and (b) friction coefficient trajectories under sliding load of 100 N
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Fig. 8 Ti6Al4V samples sliding against 316L stainless steel cylinder: (a) histograms of average wear depth under loads of 100, 150 and 200 N,
(b) wear profiles under load of 100 N and (c) magnified view of wear profiles of Ti-C:H/Ti6Al4V, Ti-C:H/N-Ti6Al4V and N-Ti6Al4V samples
under load of 100 N
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alloy in sliding against a 316L stainless cylinder in the line
contact mode.

4. Summary

This study has shown that nitriding followed by the
deposition of a Ti-C:H coating is beneficial in improving the
tribological properties of Ti6Al4V alloy under reciprocating
sliding (both point contact mode and line contact mode). In
particular, the results have shown that the nitriding treatment
increases the hardness of the Ti6Al4V alloy and therefore
reduces both the plastic deformation and the adhesion wear.
Moreover, the Ti-C:H coating yields a significant reduction in
both the friction coefficient and the wear depth.
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