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Steel surface protection with hard coatings is of great interest for many years especially in the metalworking industry [1, 2]. The development of hard coatings with performant properties is still a
challenge for researchers and producers. Ternary nitride coatings such as TiAlN ones are among the most studied hard coatings. Even commercial TiAlN-based coatings exist on the market they are
specific to the intended applications. Furthermore, no uniform data can be found in the literature reports and technical sheets. This study aimed to develop and investigate TiAlN and TiAlN/TiN
coatings grown on C120 tool steel substrate of disc shape by reactive magnetron sputtering. TiAlN coatings had a thickness of 800 nm, whereas the intermediary layer of TiN had a thickness of 100 nm,
and 200 nm, respectively. We used Ti-Al and Ti sputtering targets with a diameter of 2 inches produced by us by spark plasma sintering process [3]. All coatings were deposited on the mirror surface
polished steel substrate heated at 300°C. All the synthesized coatings showed a uniform aspect and a crystalline structure confirmed by SEM and XRD analyses. Instrumented nanoindentation testing
(IIT) of TiAlN and TiAlN/TiN coatings revealed indentation hardness (HIT) values between 5.04± 0.14 GPa and 8.33± 0.70 GPa, and elasticity modulus (EIT) values between 114± 5 GPa and 184± 1
GPa. Both HIT and EIT values decreased with the total coating thickness increase but are superior to those obtained for the steel substrate (HIT of 4.15 ± 0.09 GPa, and EIT of 196 ± 14 GPa). The
adherence of the coatings on the substrate was assessed by microscratch tests. Tribological tests performed in dry conditions disclosed an average coefficient of friction values of 0.42 - 0.52 for the
coatings, and 0.89 for the steel substrate. TiAlN (800 nm) and TiAlN (800 nm)/TiN (100 nm) coatings exhibited better mechanical and tribological properties than TiAlN (800 nm)/TiN (200 nm) ones.

❑ TiN and TiAlN coatings were deposited as nanostructured thin films on C120 steel substrate by DC magnetron reactive sputtering from Ti and Ti-Al 75-25 at.% sputtering targets using a Bestec
vacuum magnetron sputtering installation, in the following deposition conditions: the ratio of nitrogen:argon (N2:Ar) gas flow of about 1:2, the start vacuum pressure of 10-6 mbar, and the working
vacuum pressure of (1.5-2)x10-2 mbar, the initial power of 50 W, and the deposition power of 200 W; The substrate was rotated with 10 rpm and heated to 300 °C with a heating rate of 30 °C/min; The
deposition rate and coating thickness of 800 nm for TiAlN top layer, and of 100 nm or 200 nm for TiN intermediary layer were monitored in real time with a quartz crystal thin film deposition controller;
❑ As-deposited coatings were investigated by SEM, EDS and XRD analyses, as well as in terms of mechanical and tribological properties, comparatively with the steel substrate;
❑ The mechanical properties of TiAlN coatings were determined by IIT and Oliver & Pharr method, using a Micro-Combi Tester (CSM Instruments) equipped with a nanoindentation tester and a
Berkovich diamond indenter, in linear loading with a maximum indentation load of 1.1 ± 0.2 mN, an approach speed of 1000 nm/min, and a loading/unloading rate of 500 nm/min;
❑ The investigation of the scratch resistance, and the determination of the critical loads (Lc) were performed with a microscratch tester (MST) equipped with a Rockwell diamond indenter, using a
progressive scratch from 0.03 N to 30 N, a loading rate of 60 N/min, a scratch length of 3 mm, and a scratch speed of 6 mm/min;
❑ The tribological tests were performed with a ball-on-disc tribometer (CSM Instruments) equipped with a rotative module, using a normal load of 5 N, a counterbody of 100Cr6 steel ball with 6 mm
in diameter, a linear speed of 3 cm/s, a sliding radius of 6 mm, and a sliding distance of 50 m.

❑ sputtering targets made of Ti and Ti-Al 75-25 at.% (INCDIE ICPE-CA, Romania) having Ø50.8 mm in diameter and 3.5± 0.5 mm in thickness [3];
❑ mirror surface finished disc substrate made of C120 steel with Ø10…30 mm in diameter and 1 mm in thickness.
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Sample
Instrumented 
hardness, HIT

(GPa)

Vickers
hardness 

HV

Young’s
modulus, EIT

(GPa)
HIT/EIT HIT

2/EIT
2 HIT

3/EIT
2

TiAlN (800 nm)/steel 8.33 ± 0.70 771 ± 65 184 ± 1 0.0453 0.0020 0.0171

TiAlN (800 nm)/TiN (100 nm)/steel 7.02 ± 0.30 650 ± 27 152 ± 7 0.0462 0.0021 0.0150

TiAlN (800 nm)/TiN (200 nm)/steel 5.04 ± 0.14 466 ± 13 114 ± 5 0.0442 0.0020 0.0099

C120 steel 4.15 ± 0.09 384 ± 8 196 ± 14 0.0212 0.0004 0.0019

Table 1. Mean ± standard deviation (SD) of the mechanical characteristics (HIT, HV, EIT) 
of the nanostructured coatings and C120 steel substrate determined by IIT and Oliver & Pharr method. 

Fig 1. SEM images of (a) TiAlN (800 nm)/TiN (100 nm)/steel, 
(b) TiAlN (800 nm)/TiN (200 nm)/steel,  (c) TiN (100 nm)/steel, and (d) TiN (200 nm)/steel.

Sample
Optical critical

loads (N)
Δy

(µm)
Lc1 Lc2 Lc3

TiAlN (800 nm)/steel 4.71 13.20 18.06 111.29
TiAlN (800 nm)/TiN (100 nm)/steel 4.54 11.31 16.28 115.78
TiAlN (800 nm)/TiN (200 nm)/steel 2.71 5.58 9.84 203.83

Table 2. Optical critical loads (Lc) and width (Δy) of
the wear track at the end of the scratch length.

Sample
Coefficient
of friction,
µmean ± SD

Specific
wear rate

[mm3/(Nm)]

TiAlN (800 nm)/steel 1.071 ± 0.134 (1.06 – 1.50) x 10-4

TiAlN (800 nm)/TiN (100 nm)/steel 0.950 ± 0.112 (2.84 – 3.02) x 10-4

TiAlN (800 nm)/TiN (200 nm)/steel 0.786 ± 0.095 (3.91 – 4,48) x 10-4

TiN (100 nm)/steel 0.655 ± 0.193 (0.83 – 1.27) x 10-4

TiN (200 nm)/steel 0.799 ± 0.156 (1.85 – 1.87) x 10-4

C120 steel 0.885 ± 0.056 (1.55 – 1.57) x 10-4

Table 3. Coefficient of friction and specific wear rate of the 
nanostructured coatings and C120 steel substrate.

Fig 2. Optical images (20X magnification) of 
the wear tracks of (a) TiAlN (800 nm)/steel, 
(b) TiAlN (800 nm)/TiN (100 nm)/steel,  and

(c) TiAlN (800 nm)/TiN (200 nm)/steel.

Fig 3. Variation of coefficient of friction versus 
sliding distance for (a) TiAlN (800 nm)/steel, 
(b) TiAlN (800 nm)/TiN (100 nm)/steel, and

(c) TiAlN (800 nm)/TiN (200 nm)/steel.

(a)

(b)

(c)(a)                                                                               (b)

(c)                                                                               (d)

➢ TiN and TiAlN coatings were deposited successfully as nanostructured and uniform thin films on C120 steel substrate by using a DC magnetron reactive sputtering process;
➢ As-deposited TiAlN coatings revealed pyramidal structures that correspond to (AlTi)N2 crystals oriented in the (220) direction, whereas TiN coatings exhibited globular crystalline structures;
➢ All TiAlN nanostructured coatings yielded superior hardness (HIT, HV), wear resistance (HIT/EIT), and resistance to plastic deformation (HIT

3/EIT
2) when compared to C120 steel substrate;

➢ All TiAlN nanostructured coatings showed a high resistance to crack formation and propagation (HIT
2/EIT

2), as well as a good adherence to the steel substrate, confirmed also by the critical loads
determined by microscratch tests;

➢ TiAlN (800 nm) and TiAlN (800 nm)/TiN (100 nm) wear resistant coatings exhibited better mechanical and tribological properties than TiAlN (800 nm)/TiN (200 nm) coatings, recommending them
as promising candidates to enhance the surface properties of C120 tool steel.


