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At the presented part of the research the main concepts are discussed and
preliminary results of hardness and wear resistance evaluation for more than 182k
combinations of high-entropy alloy-based nitrides with Silver and Copper, as
efficient antibacterial agents, have been screened and demonstrated.

High-Entropy Alloys contain at
least five metallic components

with a molar atomic concen-
tration of each one between
5 and 35%. This gives high
values of entropy of mixing,
which in a couple with other

factor (atomic size differ-
ence, mixing enthalpy and
other less important ones)
leads to the formation of a

single-phase material with ran-
domly and uniformly distributed

alloying elements. Such materials
benefited from HEAs approach exhibit

excellent physical and mechanical proper-
ties, in particular, high hardness and toughness,

superb wear, creep, corrosion and oxidation resistance.

Abstract Antimicrobial Agents and Coatings

High-Entropy Alloy ConceptProperties by Machine Learning

Hey! We are looking for collaboration in this research: b.postolnyi@fc.up.pt

The aim of the project is to develop antimicrobial
coatings with high wear performance and corrosion
resistance. This is expected to be achieved by
employing a concept of high-entropy alloys in their
structure and elemental composition.
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Antibacterial action of Ag+ is connected with :
• destruction of the bacterial cell envelope;
• interaction with molecules inside the cell;
• the production of reactive oxygen species.

Ag+ in the bacterial cell envelope leads to the
separation of the cytoplasmic membrane
from the cell wall both in Gram-positive and
Gram negative bacterial cells.

Cu ions bind to negatively charged domains
on the inner and outer membranes, reduce
this potential difference and cause
membrane depolarisation, which leads to
membrane leakiness or even rupture when
the potential difference drops to zero

Very often an increase of antimicrobial
element concentration to desired values
leads to a drop in physical and mechanical
propertiesInternal structure of Staphylococcus aureus

observed by TEM: (a) untreated bacteria,
(b) bacteria treated with silver ion

solution (0.2 ppm). Taken from
Yamanaka et al. 2005.

Another feature of HEAs concept is a cocktail effect
providing potential gain from synergy of individual
properties of each involved alloying element.

Selection and optimisation of elemental composition
of potential antimicrobial HEA with single-phase
stability and excellent physical and mechanical
properties are performed by means of calculations,
thermodynamic simulations, modelling and machine
learning (several approaches).

Combinations of 5 out of 9 elements, including
Silver and Copper as antimicrobial agents, have
been screened for evaluation of hardness and
wear resistance properties by Machine Learning.

More than 182k combinations of 5-element alloy
nitrides have been considered, with elemental
concentration of each from 5 to 35 at.%.
The diagram of wear resistance versus hardness
has been constructed to compare mechanical
properties of evaluated HEA-nitrides. Wear
resistance was considered as H/E ratio multiplied
by ten, in arb. units, for comparison of the obtained
data.

From the obtained results the best ”TOP-5” are:
(Al0.3Nb0.15Si0.3W0.05Ag0.2)N, WR=0.99, H=14.7 GPa;
(V0.15Al0.35Si0.25Cr0.05Ag0.2)N, WR=0.99, H=15.2 GPa;
(V0.1Al0.35Cr0.35Ag0.05Cu0.15)N,WR=0.88, H=10.4 GPa;
(V0.15Al0.35Cr0.25W0.05Cu0.2)N, WR=0.86, H= 9.9 GPa;
(V0.15Al0.35Cr0.3Ag0.05Cu0.15)N,WR=0.86, H=10.7 GPa.

A full cycle of the research on the antimicrobial coatings
will be performed: from the prior calculations, simulations

and prediction of mechanical properties by machine learning
means to the fabrication of coatings and their antimicrobial tests

and experimental characterisation of physical and mechanical properties.

The expected applications of the developed coatings and of the concept of
antimicrobial elements in high-entropy alloys matrix are very broad and highly
demanded: frequently touched surfaces in health care facilities, ATMs, public
transport and services, personal electronic devices, underwater boat parts, marine
infrastructure and many others.
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The potential of High-Entropy Alloy concept and Machine Learning materials screening have been demonstrated for
the design of novel antimicrobial coatings with enhanced wear resistance. It was found that from HEA-based nitrides
and multi-elemental compounds of Ti, V, Nb, Cr, W, Si and (or) Al combinations with Silver and (or) Copper, as
antibacterial agents may have H/E ratio close to 0.1, which is a sign of a long potential lifetime of studied coatings.
High elemental concentration of Silver and Copper in selected alloys should result in high antimicrobial properties.

Future work will be focused on further materials screening, selection of the best candidates in accordance to the
desired mechanical, tribological and antimicrobial properties. After the theoretical calculations and screening, the
best compositions will be fabricated by magnetron sputtering or arc evaporation for further experimental study.

Taken from Eißmann et al., Powder Metall. 2017.
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