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Fig. 2. Co-sputtering of the Ti and C targets during 
the deposition of the adhesion layer

Fig. 1. Parallel-plate deposition configuration
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Fig. 3. Electrical characteristics of the power and substrate-
bias pulses, in Ar and in Ar + C2H2 gas mixtures 

HiPIMS: 900 Hz, 65 µs pulses, 850 V / 110 A peak; substrate bias pulsed at 50 V, 265 µs, synchronised with the 
power pulse. Scratch test: EN 1071-3, 0–100 N over 10 mm. Ball-on-disc (dry): sapphire ball, 10 N, 0.15 m/s, 200 m.

Fc
2
=9N

0

5

10

15

0

5

10

15

0 20 40 60 80 1000

5

10

15

 

 

06 TiC-R/304L

 

E
A

 (
V

)

07 TiCN/304L

Fc
2
= 6N

Fc
3
=26N

Fc
3
=27N

Fc
3
=29N

Fc
2
= 7N

 

F (N)

08 TiC-STD/304L

Fig. 4. Scratch-test acoustic emission for the three 
coatings on 304L
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Fig. 5. Friction coefficient vs. sliding distance for 
the coatings and for uncoated 304L

Fig. 6. Wear-track profiles for the coatings 
and for uncoated 304L
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Fig. 13 Imaginile SEM si EDS mapping ale urmelor de uzura ale probelor studiate depuse pe otel 304 

▪ All three graded Ti–C interlayers ensure a good adhesion of the hard carbon coating to 304L 
stainless steel, with complete exposure of the substrate only above 26 N.

▪ The reactive interlayer grown in Ar + C2H2 (TiC_R) gives the best adhesion: first 
delamination at FC2 = 9 N and complete exposure of the substrate at FC3 = 29 N, against 27 
N (TiC_STD) and 26 N (TiCN).

▪ All coatings lower the friction coefficient of 304L to 0.1–0.2 and improve its dry wear 
resistance; TiC_R shows the lowest friction and wear rate and a polishing wear mechanism, 
while TiC_STD and TiCN retain adherent wear debris inside the wear tracks.

▪ The TiC_R architecture can be selected for transfer to real hydraulic pump components 
with complex cavity geometries.
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ABSTRACT Hard carbon coatings reduce friction and wear in hydraulic pump components, but their high intrinsic stress and poor bonding to metals make the adhesion layer important for coating stability [1,2]. AIMS

In this study, we compared three adhesion-layer structures for hard carbon coatings deposited on 304L stainless steel to identify the interlayer that best balances adhesion, friction, and wear resistance. All coatings have the 

same general structure: a metallic Ti layer deposited by RF sputtering, a compositionally graded Ti–C interlayer, and a hard carbon top layer sputtered from a graphite target in HiPIMS mode with a synchronized pulsed 

substrate bias [2]. The graded interlayer was obtained in three variants: a standard one, grown by co-sputtering Ti and C in pure argon (TiC_STD), and two reactive ones, grown by sputtering Ti in Ar + C2H2 (TiC_R) and 

Ar + N2 (TiCN). The adhesion was assessed by scratch testing, while friction and wear were evaluated by dry ball-on-disc testing, followed by profilometry and SEM/EDS analysis of the wear tracks. The reactive TiC_R 

interlayer provided the best adhesion, with the first coating delamination at FC2 = 9 N and complete exposure of the substrate at FC3 = 29 N, compared with FC3 = 27 N and 26 N for TiC_STD and TiCN, respectively, whose 

initial failure occurred at lower loads (7 N and 6 N). All coatings reduced the friction coefficient of the uncoated 304L substrate to 0.1–0.2 and improved dry wear resistance, with TiC_R showing the lowest friction and 

wear rate. The results show that a graded Ti–C interlayer grown in a reactive acetylene atmosphere is the most promising adhesion layer for HiPIMS hard carbon coatings and can be transferred to real hydraulic pump 

components with complex cavity geometries.
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Influence of graded Ti–C interlayer on the adhesion and wear behaviour 
of hard carbon coatings on 304L steel

Table 1.  Experimental conditions

Parameter Ti adhesion layer Interlayer TiC_STD Interlayer TiC_R Interlayer TiCN Hard carbon layer

Source, power Ti target, RF 600 W Ti 600→0 W + C 0→1000 W Ti 600→0 W Ti 600→0 W C target, HiPIMS 1000 W

Gas, flow (sccm) Ar, 25 Ar, 25 Ar + C2H2, 25/5 Ar + N2, 25/5 Ar, 25

Deposition time 5 min 5 min 5 min 5 min –

Working pressure 10-2 mbar 10-2 mbar 10-2 mbar 10-2 mbar 10-2 mbar

29 N
critical load FC3 for TiC_R

27 N for TiC_STD, 26 N for TiCN

0.1–0.2
dry friction coefficient of the

coatings, vs ≈ 0.6 for bare 304L

200×
lower wear rate than uncoated
304L (K = 1.5·10-6 vs 300·10-6)

EXPERIMENTAL METHODS

RESULTS

CONCLUSIONS

Fig. 7. SEM images (×100) and EDS elemental maps of the wear tracks. The TiC_R 
coating (06) shows a smooth, polished track, while adherent wear debris is visible inside 
the tracks of TiCN (07) and TiC_STD (08); the uncoated 304L shows severe abrasive wear
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