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16MnCr5 steel is a popular material in industrial applications due to its mechanical strength, ductility, and heat treatment ability.
Its composition of carbon, manganese, and chromium makes it suitable for wear-resistant components like gears, shafts, and cam-
shafts. However, it has limitations under extreme conditions like repetitive movements or corrosive environments, reducing its
performance and service life. To overcome these limitations, advanced coatings like diamond-like carbon (DLC) have been de-
veloped. DLC has a hybrid structure, featuring sp3 (diamond) and sp2 (graphite) carbon bonds, making it suitable for various
industries [1].

DLC coatings form a low-friction [2], high wear-resistant layer on mechanically active surfaces [3], making them ideal for tribo-
logical applications [4]. In the biomedical field, DLC coatings are ideal for implants and surgical instruments due to their chemical
inertness and biocompatibility [5]. In the electronics industry, DLC coatings protect sensitive devices against scratches and im-
pacts [6].

Optimization of DLC coatings can be achieved through structural modifications and the use of dopants like nitrogen [7], silicon
[8], chromium [9], or tungsten [10]. In summary, DLC materials offer an advanced solution to improve the performance of
16MnCrS5 steel under extreme conditions. This study aims to determine the microstructure, corrosion resistance, and mechanical
properties of three DLC samples with different heat treatment temperatures for use in different industrial fields under extreme
conditions.

The material to be used in this research is a case hardening alloy steel called 16MnCr5 manufactured under EN-10084 with
DLC hydrogenated coating (a-c: H). Table 1 shows its chemical composition. The cylindrical samples (J40 x 15 mm) were
thermochemical heat treated [11]. The HVS hardness measured on the sample surface: average value after carburizing and quenc-
ing 805.83 (average deviation 4.303); average value after tempering 732 (average deviation 3.4).

Three group of samples were exposed to a thermal treatment deposition of DLC coating by reactive magnetron sputtering at
different temperatures: (i) 180°C (using Ceme-Con C800/9XL deposition chamber), (ii) 200°C and (iii) 250°C (both using Eifeler
Vacotec Alpha 400C deposition chamber) [11].

To prepare for the microstructural, electrochemical, and nanoindentation tests, the alloy ingots were divided into three samples
(5180, S200, and S250) using a Buehler IsoMet 4000 precision saw (see Fig. 1).

Microstructural analysis, nanoindentation and electrochemical testing, on the embedded samples were performed. The Axio
Vert.A1 MAT by ZEISS microscope was utilized for the structural characterization of the samples following the chemical etching
process with 3% Nital reagent. The BioLogic Essential SP-150 potentiostat and Sodium chloride solution (10 % NaCl) at 50°C,
were utilized for electrochemical experiments employing both continuous and alternate current. This allowed for the determin-
ation of the corrosion potential and rate, as well as the performance of electrochemical impedance spectroscopy. The CSM
Instruments/Anton Paar NHT2 Durometer is used for nanoindentation testing, with a pressure force range of 0.1 to 500 mN.

Table 1. Composition (in wt%) of the alloys under study according to EN-10084 standard.
C Cr Mn Si P S Fe

0.14 - 0.19 0.8-1.1 1-1.3 max 0.4 max 0.025 max 0.035 balance

After metallographic examination of the basic material (see Fig. 2), the three samples showed a martensitic structure under both
magnifications.

Fig. 3 shows the hardness and modulus of elasticity values with their respective standard deviation (SD) of the three samples
studied, where it can be seen that as the heat treatment temperature increases, both hardness and modulus of elasticity tend to
decrease. Therefore, specimen S180 has a better wear resistance characteristic compared to the other specimens.

In Fig. 4.a, the corrosion potential (E.,,) during the first 5 minutes tends to decrease for samples S180 and S200. However, after
one hour of testing, the most stable and positive potential was that of S180. Likewise, the lowest corrosion rate was presented by
sample S180, as can be seen in Fig. 4b, since the values of E_,.; and I, (corrosion intensity) were lower than those of the other
samples.

The equivalent circuit R(QR)(QR), which has two time constants, was used to fit the values obtained by electrochemical im-
pedance spectroscopy (see Fig. 4d). In turn, in the Nyquist (Fig. 4c) and Bode plots (Fig.4e and Fig. 4f) performed at -0.9 V, it
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could be observed that the sample showing a more capacitive behavior, in addition to higher impedance and phase angle values,
was sample $180.

In this research, the effect of DLC deposition temperature on the microstructure, corrosion resistance in 10% NaCl salt solution
at 50°C and mechanical properties of the 16 MnCr35 alloy was studied, confirming its martensitic structure for all three samples. In
electrochemical and nanoindentation tests, higher corrosion and wear resistance was observed for sample S180, while these pa-
rameters tended to decrease at higher DLC deposition temperatures.
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Fig. 1. Preparation of the examined samples.
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Fig. 2. Microstructure of S180 (a, b), S200 (c, d) and S250 (e, f) samples at x50 and x100 magnifications, respectively.
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Fig. 3. Hardness and elastic modulus values with SD of the three studied samples.
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Fig. 4. Corrosion potential (a), corrosion rate (b), Nyquist Diagram (c), equivalent electrical circuit (d), Bode impedance plot (e) and Bode phase plot (f) of

the studied samples.
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