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Amorphous hydrogenated diamond-like carbon (DLC) coatings were deposited using plasma

assisted chemical vapour deposition (PACVD) on precipitation hardening (PH) stainless steel.

Plasma nitriding has been used as pre-treatment to enhance adhesion and mechanical prop-

erties. Chemical and mechanical properties of DLC coatings are dependent on the hydrogen

content and so on the relation between sp3/sp2 bondings. The bondings and the structure

of  the DLC film change with temperature. In this work, a study of the thermal degradation

and the evolution of the mechanical properties of DLC coatings over PH stainless steel have

been  carried out, including the effect of an additional nitrided layer.

Nitrided and non-nitrided steel samples were subjected to the same coated in the same

conditions, and they were submitted to the same thermal cycles, heating from room tem-

perature to 600 ◦C in several steps.

After each cycle, Raman spectra and surface topography measurements were performed

and analyzed. Nanohardness measurements and tribological tests, using a pin-on-disc

machine, were carried out to analyze variations in the friction coefficient and the wear

resistance.

The  duplex sample, with nitriding as pre-treatment showed a better thermal stability.

For  duplex sample, the coating properties, such as adhesion, and friction coefficient were

sustained after annealing at higher temperatures; whereas it was not the case for only coated

sample.
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mented nanoindentation with 15 mN load.
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1.  Introduction

Despite their amorphous characteristics and the presence of
hydrogen carbon bondings, diamond-like carbon (DLC) coat-
ings have unique properties similar to diamond such as very
high hardness, chemical inertia, and a very low friction coef-
ficient compared to other hard coatings.

DLC coatings can be deposited via plasma-assisted tech-
niques, from a solid carbon target, such as plasma vapour
deposition (PVD) or via hydrocarbon precursors by plasma
assisted chemical vapour deposition (PACVD). In the latter
case, the presence of hydrogen in the film cannot be avoided,
and the chemical bondings are not only C C but also C H,
with different proportions of sp3 and sp2 bondings, depending
on plasma deposition parameters such as time, temperature
and gas flow [1–3]. In a wide range of structures, these films
have properties similar to diamond such as high hardness, a
very smooth surface with a low coefficient of friction (below
0.1) and very good wear and corrosion protection properties.
However, these properties are not only affected by film struc-
ture but also by the tribosystem properties: hardness profile,
adhesion, mechanical support and stresses. For these reasons
nitriding has been used as pre-treatment, especially over soft
substrates such as stainless steel [4–6].

Duplex treatments combining nitriding and DLC coatings
can be used to increase the mechanical properties and tribo-
logical performance by increasing the load bearing capacity of
the so-formed composite. Such duplex treatments with nitrid-
ing are often applied on medium alloy steels as substrates [7,8].
It was reported that a good wear resistance was obtained with
the DLC deposited over a hard and homogeneous compound
layer [8,9]. Although other authors found that the best load-
bearing capacity was achieved for a nitrided layer primarily
constituted by a diffusion layer [7].

In the case of stainless steels, where only a nitrogen-
expanded phase arises after low temperature nitriding, some
papers were previously published [10–12].

DLC coatings are frequently used in applications for which
there may be high work temperature or localized heating
caused by friction. Hence detailed studies of the evolution of
coating properties with thermal solicitations are necessary,
for example, to use it in engine components [13,14]. Several
studies about the thermal stability of DLC were found in the
literature, reporting detrimental structural changes caused by
the change in the carbon bondings, from sp3 to sp2 [15,16].
Also, some papers were published about improving thermal
stability using dopant elements or nanoparticles incorporated
to the film [17–19].

A preliminary work was published on the thermal
behaviour of duplex coatings [20]. In this work a different
thermal degradation between duplex and coated samples was
detected. The nitriding treatment improved not only the adhe-
sion of the coating but it also affected the surface properties. It
was decided to continue with the research in this topic, ana-
lyzing new aspects. The main goal of the present work is to
study not only changes in structural properties but also the

tribological behaviour of DLC coatings deposited on nitrided
and non-nitrided precipitation hardening (PH) stainless steels
going further than in the previous work. Raman spectra were
2 0 1 9;8(2):1653–1662

performed, and a complete study of the film properties and
degradation after the different annealing cycles was carried
out. Topography measurements were performed to improve
the understanding of the coating degradation and friction
coefficients measurements are presented. The influence of the
nitrided layer on the thermal behaviour of the DLC coating is
analyzed.

2.  Experimental

PH martensitic stainless steels (Corrax
®

from Uddeholm) were
used as base material. The chemical composition in weight
percentage of Corrax

®
is 0.03% C, 12% Cr, 1.4% Mo,  0.3% Mn,

0.3% Si, 9.2% Ni, 1.6% Al and Fe as balance.
Disc-shaped samples were cut from a 25 mm  in diameter

bar and they were hardened by means of an ageing process for
two hours at 530 ◦C according to supplier recommendations.
One group of samples was nitrided in an industrial reactor
using a DC pulse discharge at 390 ◦C for 10 h in a 25% N2 + 75%
H2 gas mixture.

DLC coatings were deposited on all samples by PACVD
using methane as gas precursor. The process total gas pres-
sure was of 10 Pa at 10 ml/min gas flow during 2 h. Structural
properties of the nitrided layer and the DLC film without
annealing, so as the duplex system and corrosion properties
have been published before [10,11,21,22]. The group, which
was not nitrided, but with a deposited coating was named
“coated samples” and the one, which was previously nitrided,
was named “duplex samples”. The coating thickness was
about 3.0 ± 0.3 �m with a silicon interlayer of 0.3 �m and the
nitrided layer thickness was of 14 ± 1 �m approximately.

The heat treatment post DLC deposition consisted of
annealing steps at 200 ◦C, 300 ◦C, 400 ◦C, 500 ◦C and 600 ◦C for
1 h, counting from the time the temperature step was reached.
The heating rate was 20 ◦C/min and both coated and duplex
samples were heat treated in a vacuum chamber, following
a procedure reported previously in the literature [22]. In each
step, one group of samples was taken out. So at the end, five
groups of samples annealed at different temperatures were
studied, each group with equal quantity of coated and duplex
samples.

The DLC coatings were characterized by Raman spec-
troscopy. The Raman spectra were fitted using two Gaussian
lines. The intensity for each band was determined and the
ID/IG ratio was calculated. The hydrogen content was esti-
mated using the slope of the photoluminescence background
in the Raman spectra taking into account the model proposed
by Casiraghi et al. [23].

The surface was observed by electronic microscopy and
white light interferometry (WLI) using 20× objective. Both sur-
face map  and profile were obtained by Metropro© software.
Moreover, focused ion beam (FIB) cuttings were performed in
different regions of the surface samples in order to observe
the cross section and to measure the DLC thickness after the
annealing. Mechanical properties were assessed using instru-
Sliding wear tests were carried out using 2 N load, 1800
cycles, 1 mm of amplitude and alumina balls (� = 6 mm)  as
counterpart to evaluate the tribological behaviour of the
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on the coating surface at the end of the annealing process at
oated samples.

oatings. Three tests were performed for each sample. The
ear tracks were observed by SEM and WLI. After annealing,

he degradation of the surface could be evaluated from the
alues of the coefficient of friction and the observation of
he surface damage along and at the sides of the wear tracks.
he changes in film properties, surface topography and

ribological behaviour were compared after each thermal
ycle to describe the coating degradation with temperature.

.  Results

.1.  Changes  in  film  properties  with  thermal  cycles

he hardness for the DLC films and for the nitrided layer were
6 ± 1 GPa and 11 ± 1 GPa respectively as it was reported in a
revious publication [11]. The mean values for nanohardness
easured after each annealing cycle are presented in Fig. 1,

omparing coated and duplex samples. Twenty measure-
ents in different places were carried out and the magnitude

f the error was the standard deviation of the measured val-
es. As the indenter penetration is less than 10% of the film
hickness, this hardness value can be considered as a film
roperty without the influence of the substrate.

In this test, some differences became visible. For the duplex
ample, the nanohardness values did not have an apprecia-
le variation, up to 500 ◦C. Only at 600 ◦C, some changes were
bserved, which were probably caused by structural modifica-
ion.

On the other hand, a hardness decrease was noticed in the
oated sample at 300 ◦C. Probably, a degradation that cannot
e observed occurred at the interface between the DLC coating
nd the substrate. However, no changes were observed neither
n surface images nor in the Raman spectrum, as it will be

entioned below.
At higher temperatures, the dispersion increased in the

oated sample as it can be observed in Fig. 1. It is pointless
o indicate a mean nanohardness value when the annealing

as performed at 600 ◦C because the dispersion is very high.
he nanohardness changes from one point to another on the
urface sample were between 4 GPa and 14 GPa.
 9;8(2):1653–1662 1655

This fact can be explained in two ways. The coating was
detached partially or the film suffered a structure or com-
position change. The first one could be easily observed in
some regions of the surface and the second one was ana-
lyzed with Raman spectroscopy and the results are presented
below. When graphitization occurs in DLC films, the hardness
decreases [18].

The Raman spectra allowed the possibility to evaluate the
film structure. It can be seen in Fig. 2 that both groups of sam-
ples presented similar features after annealing at 200 ◦C and
300 ◦C. The DLC without thermal post treatment was analyzed
as well and it was depicted for comparison in black. In this
case, the Raman spectrum presented the classical two  over-
lapping bands D and G, which, as it was already published,
were well positioned, in 1379 cm−1 and 1554 cm−1 [15,16].
However, in the coated sample at 400 ◦C, it could be noticed
that the film transformation started because the characteris-
tic G and D bands of DLC coatings could not be distinguished
(Fig. 2). On the other hand, in the duplex sample, this did not
occur until reaching a temperature value of 500 ◦C (Fig. 2).

After annealing at 200 ◦C and 300 ◦C, a slight shift in the
D and G peak positions was detected, as it is shown in Fig. 2
and Table 1. For these temperatures, in both samples, it was
possible to measure the D and G bands position, the intensity
ratio between the D and G bands and the D and G bands width,
indicating only a very small graphite domain for both samples
(see Table 1).

For higher annealing temperatures, it was not possible to
perform an accurate analysis of the DLC coatings. A very
strong fluorescence appeared at 400 ◦C, revealing degrada-
tion of the structural properties of the film in the case of
the coated sample (Fig. 2). On the contrary, in the duplex
sample, the analysis of the Raman spectrum corresponding
to 400 ◦C annealing could still be carried out. The degrada-
tion starts at 500 ◦C, as it can be observed in the Raman
Spectrum of Fig. 2, where the G and D bands cannot be dif-
ferentiated. Finally, at 600 ◦C, there was no characteristic DLC
coating structure in the Raman spectrum for both groups of
samples.

3.2.  Changes  in  surface  topography  and  film  integrity

Surface topography did not change after the annealing at
200 ◦C and 300 ◦C in both coated and duplex samples. More-
over, this latter did not present changes in the surface
topography after the annealing at 400 ◦C (Fig. 3a). However,
different features indicating a film transformation appeared
when the surface of the coated samples was observed after
the 400 ◦C cycle. In fact, part of the film was delaminated;
bubbles and holes were formed, as it is shown in Fig. 3b.
Moreover, the existence of holes was confirmed by the differ-
ent heights detected on WLI  Images (Fig. 4a and b). It should
be mentioned that the presence of the coating, even thin-
ner, was confirmed by EDS analysis in all regions of interest
(not shown).

In the duplex samples, some changes could be observed
500 ◦C, as it is shown in Fig. 5a. This sample presented some
cracks on the surface (Fig. 5a) but there was not detachment
of the coating in any region. After annealing at 600 ◦C, the
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Fig. 2 – Raman spectrum of the duplex and coated samples after annealing at different temperatures.

Table 1 – Analysis of Raman spectra.

Samples D position G position ID/IG D width G width

Duplex sample without annealing 1379 1554 0.66 283 132
Duplex sample 200 ◦C 1390 1570 0.88 289 121
Duplex sample 300 ◦C 1395 1573 0.83 285 104
Duplex sample 400 ◦C 1388 1570 0.76 276 109
Coated sample without annealing 1383 1557 0.71 283 127
Coated sample 200 ◦C 1388 1561 0.74 284 121
Coated sample 300 ◦C 1394 1572 0.83 284 103

Fig. 3 – SEM image of the samples surfaces after annealing at 400 ◦C: (a) duplex sample and (b) coated sample.
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Fig. 4 – (a) WLI  image of the coated sample surface after annealing at 400 ◦C and (b) WLI  surface profile.
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Fig. 5 – SEM image of the duplex sample surfaces after annealing at (a) 500 ◦C and (b) 600 ◦C.

faces

s
a
o
c

r
o
t
H
s

f
c
(
a
o
b
s
b
o
n
d
s
1
n
t
i
c

Fig. 6 – SEM image of the coated sample sur

ample had more  cracks as it can be seen in Fig. 5b, indicating
 major degradation of the coating. However, the degradation
f the duplex coatings is much less than that of the only
oated samples.

Indeed, in the coated samples some cracks are observed in
egions where the coating was partially detached at the end
f the annealing cycle at 500 ◦C (Fig. 6a). The degradation of
he coating was greater after the annealing at 600 ◦C (Fig. 6b).
owever, the coating was not completely peeled off but some
urface layers were gone.

In the coated sample surface, three FIB cuts were per-
ormed and the location is indicated in Fig. 7. The first one
overed a region of a hole defect from the outside to the inside
region named 1), the second one, on the edge of a protuber-
nce with a delaminated part (named 2), and the third one,
ver a protuberance (named 3). In region 1, Fig. 7c, a step can
e observed. The right part of the coating has a thickness
imilar to the original coating, showing that the film has not
een damaged there. In the left part of the film, thickness is
nly 15% less than the right part, showing that the film was
ot totally removed. In regions 2 and 3, Fig. 7b and d, some
elaminated layers of the coating can be observed in the cross
ection. It can be seen that the minimum film thickness was
.5 �m,  indicating that part of the film was still there but thin-
er than the not annealed one (2.7 �m).  It can be concluded
hat several layers of the coating were degraded and detached,
.e. the coating delamination occurred by sheets, revealing a
ohesive failure.
 after annealing at (a) 500 ◦C and (b) 600 ◦C.

3.3.  Tribological  behaviour

The evolution of the friction coefficient (�) is shown in Fig. 8
as a function of time for two annealing temperatures. Other
tribological results (final � values and wear damage) are
presented in Table 2 for duplex and coated samples. After
annealing at 200 ◦C and 300 ◦C, the steady value of � for both
samples was low and similar, about 0.2. This value is in the
range of those that have been reported for this kind of coat-
ings in the literature [24]. The presence of the coating strongly
reduced the friction coefficient in comparison with steel, with
or without the nitrided layer, which is about 0.7. This is due
to the formation of a graphite transfer layer which has a self-
lubricating effect [24,25]. At 200 ◦C and 300 ◦C the track was
almost undetectable, indicating that the film was intact. After
higher temperature cycles, the wear tracks were visible but
very irregular in width and depth. For this reason, a wear vol-
ume  loss could not be calculated. In addition, the coefficient of
friction becomes higher and irregular due to the surface inho-
mogeneities and areas with different coating thickness and
flaking.

The friction coefficient increased for the coated sample
after the annealing cycle at 400 ◦C. It reached values that cor-
respond to the untreated steel friction coefficient (0.8–0.9 in
the same test conditions). On the other hand, for the duplex

samples, the friction coefficient did not raise that much after
annealing at the same temperature; it begins at 0.2 and it
reached a final value of 0.47, as it can be observed in Fig. 8.
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Table 2 – Summary of the tribological results for duplex and coated samples.

Annealing (◦C) Duplex sample Coated sample

� (steady or final) Wear damage � (steady or final) Wear damage

200 0.20 ± 0.01 Undetectable track 0.20 ± 0.01 Undetectable track
300 0.20 ± 0.01 Undetectable track 0.20 ± 0.01 Undetectable track
400 0.47 ± 0.08 Detectable track 0.86 ± 0.08 Coating detachment
500 0.77 ± 0.07 Coating detachment 0.90 ± 0.09 Coating detachment.

Greater damage than in
the duplex sample.

chme
600 0.90 ± 0.09 Coating deta

After annealing at 600 ◦C, the friction coefficient rapidly
reached the value of the base material for both samples
(Table 2), indicating that the coating has detached during the
test and the wear damage occurred on the substrate. In fact,
the wear track depth was greater than the coating thickness
for both samples.

As a summary, the difference in tribological properties
between both groups of samples occurred after annealing at
400 ◦C. The � values remained rather low after the anneal-

ing process only in the duplex samples. It could be confirmed
not only that the coating was still present, but also that it
has maintained its properties. As it was already mentioned in
nt 0.90 ± 0.09 Coating detachment

Section 3.2, the coating is thinner and did not detach com-
pletely, some parts of it remained on the surface.

Fig. 9 presents SEM pictures of parts of the wear tracks at
the end of the tribological test for annealed samples at 400 ◦C.
A high magnification was selected, with the intention to show
topography features within and around the track. In Fig. 9a,
which corresponds to the wear track on the coated sample,
the coating detachment is clearly visible; in fact, chemical ele-
ments corresponding to the steel substrate and aluminium of

the counterpart could be detected by the EDX analysis. More-
over, some dark particles were also observed in the track. Since
the EDX analysis shows that they are containing oxygen, it
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an be deduced that they are oxidized debris. The mean track
idth was 380 �m in this case.

In Fig. 9b, which corresponds to the wear track on the
uplex sample, only some grooves in the direction of move-
ent and some small damaged regions can be observed. The
ear mechanism could be classified as mild abrasive. The

oating was still or always present in the wear scar and around
t, even in the damaged areas, as it could be confirmed by the
DX spectrum, in which Si and C were detected. With less mag-
ification, the whole scar could be observed, and the mean
idth was about 150 �m.
At the end of the wear tests on samples after annealing at
00 ◦C, some flaking could be detected in the wear tracks as
t can be seen in Fig. 10a and b. In these figures, only parts of
he tracks are presented, because focus was made on the edge
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ig. 9 – SEM images of the wear track and EDX analysis at the en
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of the wear scar to observe the damage features. Outside the
track, the film surface can always be observed and it is clear, by
comparing both figures, that the damage was already present
before the test. It can also be observed that the degradation
was more  extended in the coated sample than in the duplex
one.

Looking inside the wear track in the coated sample
(Fig. 10a), adhesive wear clearly occurred, and large plate-like
wear debris could be found as other authors also reported
[26]. It is well known that bonding occurs between surface
asperities, and when these junctions are broken, new ones
are formed as large lumps and transfer of materials comes as a
result. A large amount of plastic deformation is usually associ-
ated with this mechanism [24,26]. The wear was severe in this
case; the elements from the substrate and also Al from the
counterpart were detected by EDX analysis. On the contrary,
in the duplex sample, the damage could be described as mild
abrasive wear. Soft grooves with some dark regions, which
correspond to oxidized particles, can be observed (Fig. 10b)
[27].

4.  Discussion

An explanation about the different behaviour of DLC coated
PH samples with and without nitriding pre-treatment can
be proposed and, related to this point, some hypotheses are
described below.
The first one is the chemical modification of the DLC film
with an increase in temperature. It is known that DLC films
transform to an aromatic ring structure and then to disor-
dered graphitic ring structure during annealing at temperature
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Fig. 10 – SEM images of the wear track and EDX analysis at the end of the tribological test after annealing at 500 ◦C: (a)

duplex sample and (b) coated sample.

higher than 400 ◦C [28]. With increasing annealing tempera-
ture, the structural disorder decreases and the size of graphitic
domains increase [28,29].

Such phenomenon is associated with plastic deformation,
which reduces the internal stress and in turn the hardness
of the DLC coating. According to the results presented above,
from properties such as hardness and the observation of sur-
face morphology, it can be stated that the transformation of
the DLC coating in graphite was produced at a higher tem-
perature in the duplex sample than in the coated sample.
This could be confirmed by the Raman analysis, where the
modification and the shift of the classical DLC peaks is a
sign of coating degradation. Such degradation was detected in
both groups of samples at 600 ◦C. However, this phenomenon
occurred at a higher temperature in the case of the duplex
samples as compared to the only coated samples. It is highly
probable that in the duplex sample, the rate of graphitization
in the coating was lower than in the coated samples. There-
fore, the film transformation did not have so much influence

on the coating properties and it was also less noticeable. This
change in graphitization is probably related to a change in the
thermal conductivity as will be discussed later.
The difference between both groups of samples is the
nitriding pre-treatment. The influence that it has on the film
adhesion, which was better in the duplex sample than in the
coated sample, was reported in a previous paper [11]. The
nitrided layer raises the load bearing capacity of the system.
This layer generates a graded interface between the coating
and substrate, increases the hardness of the substrate, reduces
the stresses and improves the adhesion as it was published
also by other authors [11,30,31]. Moreover, in both samples, a
silicon interlayer was deposited previous to the coating. As a
result, there is a chemical affinity between this Si layer and
the nitrogen of the nitrided layer. So, in the duplex sample,
Si reacts with N forming silicon nitride bonds, as pointed out
by some of the authors, when XPS analysis were performed
in a thin Si layer deposited onto nitrided steel [32,33]. Since
hardness and adhesion are higher for the duplex coating, con-
sequently it is more  stable at higher temperatures.

Regarding thermal conductivity, the silicon adhesion layer
has a thermal coefficient (3.2 × 10−6 K−1) comparable to

those from DLC (2.3 × 10−6 K−1) and from the nitrided layer
(7.6 × 10−6 K−1) but lower when compared to the one of bare
stainless steel (14.5 × 10−6 K−1). As a consequence, thermal
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tress is lower in the duplex sample than in the coated sam-
le [34,35]. On the other hand, the thermal conductivity of DLC

s very low;  it can be hundred times lower than the thermal
onductivity of steel. Therefore, if the adhesion is higher for
he duplex coating, the heat dissipation is higher as well and
he film resists more  to the thermal effect. A thin film with-
ut good adhesion due to the low thermal conductivity heats
apidly modifying its structure, i.e. going faster to a structure
lose to the graphite or to a graphite-like film. As the dura-
ion of the thermal cycle is only one hour, a delay can exist
efore the establishment of a stabilized temperature between
itrided and non-nitrided samples. Thus, some bubbles could
e formed in the film with worse adhesion caused by the
elease of bonded and unbonded hydrogen during the anneal-
ng, as it was reported by other authors [34,36]. However, the
ubble formation was not observed in well adherent films, e.g.
he duplex sample. This could be due to a more  efficient heat
issipation.

A relation between nanohardness measures and adhesion
an thus be established. That is, whenever a thin film that is
ell adhered, the hardness measurement is more  trustable
ecause the well-adhering film has the substrate as a more
fficient support. On the other hand, the non-adherent film
s “loose” on the substrate, not allowing the hardness mea-
urement to be real, as well as being closer to the graphite
tructure. In this work, it was quite clear that the disper-
ion of the nanohardness measurements in the coated sample
bserved in Fig. 1 was directly related to the dispersion of the
dhesion through the interface, caused by the film degrada-
ion.

The friction coefficient remained similar to the DLC coating
ithout thermal treatment after the annealing at 200 ◦C and

00 ◦C for both samples. After the annealing at 400 ◦C, the fric-
ion coefficient was low (0.2) at the beginning. After 800 s the
alue increased for both samples, but at the end it was higher
or the coated sample than the duplex sample. Probably as
he hardness was lower for the coated sample compared to the
uplex sample and the original coating, the penetration of the
ounterpart was deeper, so the real contact area increased and
onsequently the friction coefficient too [26,37]. The friction
oefficient increased when the annealing temperature was
igher. This could be due to the fact that the annealing at high

emperatures produces the effusion of hydrogen and deteri-
rate the coatings tribological properties, as it was reported

n the literature [38]. Moreover, the coating properties (hard-
ess, topography and thickness) effectively changed after the
nnealing at this temperature, as it was presented in the previ-
us sections. Consequently, the mechanical resistance of the
ystem decreased and the wear mechanisms changed. It is
lear that the wear damage became greater with the increas-
ng annealing temperature but, in all cases, the damage was
orse in the coated sample than in the duplex one.

.  Summary  and  conclusions
s a summary of results, it can be stated that at the same tem-
erature, the coating degradation is always lower in the duplex
ample than in the only coated one. Moreover, the degradation
r the morphology changes are different in the two groups
 9;8(2):1653–1662 1661

of samples. In the duplex, cracks appear on the film surface
and no delamination was observed, meanwhile in the coated
sample, the film has cohesive failures and it detached layer by
layer. Changes in structure properties appear at 400 ◦C in the
coated sample and at 500 ◦C in the duplex one.

It was shown that the low friction coefficient and good tri-
bological properties of the DLC coating remained unchanged
in the duplex samples after an annealing process at 400 ◦C.
It was also observed that the nanohardness values did not
decrease after thermal treatments, even at high temperatures.

It was proved that a nitriding treatment previous to the
coating deposition improves the DLC thermal stability through
the thermal annealing cycles, if compared to the coating over
the same stainless steel without any nitriding pre-treatment.
It is a fact that a better adhesion is obtained in the duplex
samples, and there is also a better matching of the thermal
coefficients and the mechanical properties of the nitrided
layer with the DLC coating, allowing in some way that the
nitrided layer delayed the thermal degradation of the coating
deposited over it.

In this paper, it is shown that the adhesion and the hard-
ness are related and that can be evaluated from a heat
treatment. This is a new result, which the authors can
speculate as being of much importance to any measure of
nanohardness in thin films.

Further studies are necessary to relate the coatings struc-
ture to the properties of the interface with the nitrided
substrate and the early stages of growing, and their behaviour
at different temperatures.
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