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High-Entropy Alloys (HEAs) are multicomponent alloys containing five or more elements, each of which varying from 

5%at to 35%at, exhibiting simple solid solution phases in the microstructure. Due to their attractive properties, HEAs have 

great potentials to be used not only as bulk but also as coating materials for enhancing surface properties in various 

environments. In this work, two HEAs coating types were deposited via different PVD magnetron sputtering techniques, 

starting from target materials, i.e. FeCrNiCoAl alloy and Co free FeCrNiMnAl alloy, produced by powders metallurgical 

processing. Samples underwent extensive characterization to probe morphological, structural, mechanical and tribological 

properties. Moreover, corrosion behavior was investigated in 3.5% NaCl solution. 
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The tribological behavior in corrosive environment such 

as sea water is one of the biggest challenges for 

structural materials. The traditional alloy materials, such 

as aluminum and titanium alloys and stainless steels 

have excellent corrosion resistance, but their poor wear 

behavior limits their applications in this field [1]. 

Among the different solutions related to innovative 

materials, High Entropy Alloys (HEA) represent 

promising candidates for severe environment 

applications due to their high mechanical strength, good 

thermal stability, wear, and corrosion resistance [2]. 

HEAs are a new class of alloys, usually composed of at 

least five elements [3], exhibiting unique high entropy, 

slow diffusion, lattice distortion and cocktail effects [4]. 

In this work three different targets for magnetron 

sputtering process, i.e. FeCrNiCoAlx, FeCrNiMnAlx and 

FeCrNiMnAly (x = 10 at% and y = 20 at%), have been 

produced by powders metallurgical processing, in order 

to use them to obtain high performance coatings. The 

metal precursor powders were mixed by a rapid ball 

milling procedure in argon atmosphere. Then, powders 

were pressed by uniaxial pressure and the phase 

formation and consolidation were obtained by a 

conventional sintering process in controlled atmosphere. 

The HEA films were deposited via HiPIMS, DC and RF 

Magnetron Sputtering on Si, alkali-free alumina-

borosilicate glass and AISI304 substrates. 

Resistivity measurements were performed by 4-point 

probes method. 

The final properties and wear/corrosion behavior in 

simulated sea water were investigated, while mechanical 

surface properties were studied by means of 

nanoindentation. 

Differences in hardness were found both as a function of 

the target composition and of the deposition technology. 

The measured hardness range varied between 7 GPa and 

11 GPa, with the FeCrNiCoAl exhibiting the highest 

hardness and elastic modulus values. 

The corrosion behavior was investigated by means of 

polarization test, obtaining Tafel curves, where MnAl 

based alloys containing Al 20%at showed the most 

performing behavior, with the largest passivation range, 

the noblest corrosion free potential and the least 

exchange current during passivation. 

Tribocorrosion experiments were also carried out in 

simulated sea water, with a spherical Al2O3 insulating 

counterpart, a Hertzian contact pressure of 750 MPa and 

frequency of 2 Hz in linear reciprocating motion mode. 

Fig. 1 shows the tribocorrosion output obtained for some 

CoAl-based alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Tribocorrosion output for some representative CoAl-

based films 

Post mortem characterizations with SEM/X-EDS and 

profilometry, allowed investigating the sliding surface 

status, the corrosion products, the wear debris and 

damage modes, together with the geometrical features of 

wear scars, in order to estimate the wear rate. The k 

value according to Archard’s model was estimated as a 

function of applied power during deposition, and a 

threshold valued was obtained to minimize it, thus 

optimizing the deposition parameters. 

 

References 
[1] H. Liang, J. Miao, B. Gao, D. Deng, T. Wang, Y. Lu, Z. 

Cao, H. Jiang, T. Li, H. Kang, Surf. Coat. Technol., 400  

(2020) 126214 

[2] J.W. Yeh, S.K. Chen, S.J. Lin, J.Y. Gan, T.S. Chin, et al. 

Adv. Eng. Mater., 6 (2004), 299-303 

[3] Y.F. Ye, Q. Wang, J. Lu, C.T. Liu, Y. Yang, Mater. Today, 

19 (2016), 349-362 

7th World Tribology Congress, WTC 2022
July 10-15, 2022, Lyon, France

TUE-T2-S6-R2

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

