W3BECTHA BY30B. YEPHAS METAJIIYPTHUd. 2021. Tom 64. Ne 3. C. 214-216.
© 2021. Buxokypos E.I', @apagoHos B.B., Mewaskun B.I1. BbiIcOKOSHTpONMIAHbBIE CIIJIaBbl U IepUoindecKas TabauLa ...

DPUIUKO-XUMUYECKUE OCHOBDbI
METANNYPTUYECKUX NPOLUECCOB

Short report
UDK 669:541.1
DOI 10.17073/0368-0797-2021-3-214-216

Egspm |

=

HIGH-ENTROPY ALLOYS

AND THE PERIODIC TABLE OF ELEMENTS

E. G. Vinokurov ' 2, V. V. Farafonov?, V. P. Meshalkin 1 3

ID. Mendeleev University of Chemical Technology of Russia (9 Miusskaya Sqr., Moscow 125047, Russian Federation)
2 Institute of Scientific and Technical Information, Russian Academy of Sciences (20 Usievicha Str., Moscow 125190, Russian Federation)
3 Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences (31 Leninskii Ave., Moscow 119991, Russian

Federation)

Abstract. To select the compositions of high-entropy alloys (HEA) consisting of five or more elements, it is necessary to use methods that take into
account many variables and the complexity of assessing the relationships between them. Based on chemical information approaches to the analysis
of Web of Science databases, data on the frequency of use of chemical elements in the described HEAs were obtained, which allow us to determine

trends in the research and development of new materials.
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Annomayus. TlokazaHo, 4To JJIs peLICHUs 33/1a4i BEIOOpA COCTaBOB BBICOKOIHTPONHMUHBIX crtaBoB (BDC), cocrosmux u3 st u 6oiiee 3JIeMEHTOB,
HEO0OXOMMO HCIIOIb30BaTh METOIbI, YUUTHIBAIOLINE MHOXKECTBO MEPEMEHHBIX U CIOKHOCTb OLICHKU B3aUMOCBsi3el Mex 1y HuMu. Ha ocHoBe xu-
MHUKO-HH(OPMAaIMOHHBIX TTOJX0/I0B K aHanu3y 0a3 naHHbIXx Web of Science moiry4eHsl CBEJICHUS O YaCTOTE MIPUMECHEHHSI XUMHYECKHX JICMEHTOB
B onmcanHbIXx BOC, KOTOpbIE MO3BOJISIOT ONPEIEIUTh TPEH/IBI B UCCIICOBAHUN U Pa3paboTKe HOBBIX MaTepHAIIOB.
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The development of a new type of alloy designated
as “High-Entropy Alloys” (HEA) [1] containing five or
more elements in a relatively equiatomic ratio has en-
joyed a certain success in the creation of structural ma-
terials.

According to Scopus, there has been a rapid growth in
the number of HEA-related publications. 289 papers were
published in 2015 and 1,393 in the first 10 months of 2020.
After expansion of the concept of HEA and the emergence
of the new idea of high-entropic materials (HEM), there
has been a manifold increase in the number of publica-
tions [2].

214

In [3], an examination of the prospects for improv-
ing only one property (corrosion resistance) has revealed
a significant number of combinatorial possibilities in
HEA. Therefore, the use of informatics will be required
in order to resolve the issue of selecting compositions
with specific properties. This is due to the multitude of
variables and the complexity of assessing all relation-
ships.

The chemical and information approach and its use
in the study of complex systems has been described in a
number of works [3 — 7]. This includes studying the ther-
modynamic characteristics, in order to describe the prin-
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ciples of formation of HEA structures with the required
functional characteristics [8].

This report considers the frequency of use of various
chemical elements in HEA composition. The analysis used
all the Web of Science databases in which a query “high
entropy alloy” was created on 01.01.2021. Thus, a problem-
oriented database (POB) containing 13,426 records
was obtained. Using this array of records, an analysis of
occurrence of chemical elements in HEA was carried out.
Records containing the name of the chemical element in the
Mendeleev's periodic table were identified and the following
were determined: N — number of records corresponding to
this element in the total array; i — amount of information
equal to log2 V.

Figure 1 shows the dependence of the amount of
information (i) for each chemical element on its atomic
number (Z) in the Mendeleev table.

Despite the cyclic change of 1 with an increase of the
element atomic number, typical for many properties of
elements and reflected in Mendeleev’s fundamental law on
the cyclic change of properties depending on the value of
nuclear charges of their atoms, we can observe a reduction
of the frequency of use in HEA of elements, along with an
increase in their atomic number. Experimental value of the
linear correlation coefficient () of the dependence i = f(2),
equal to 0.609 in the absolute value, exceeds the critical
value of 0.28 for the confidence probability of 0.99 and the
number of freedom degrees of 82. It testifies to reliability
of the decrease in the frequency of use in HEA of elements
along with an atomic number increase in the Mendeleev
table.

Allocation of points above and below the trend line
i=f(Z) allows a series of the most and least frequently
used elements in the composition of HEA to be constructed
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Fig. 1. Dependence of amount of information on elements of the
periodic table used as a part of HEA (data as of 01.01.2021
in Web of Science database)
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Fig. 2. Influence of the type of chemical element valence shell
on frequency of its use as part of HEA
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and be taken into account by researchers in the selection of
HEA components.

The most frequently encountered elements in HEA
composition (data above the trend line) can be arranged in
order of descending i:

Al>Ni>Fe>Cr>Co>Cu>Ti>Mn>Si>Zr>
>C>Nb>Mo>Mg>V>Sn>W>Ta>7n>
>Pd>Ga>Hf>Re>In>Ge>Ag>La>Gd>
>Y >Pt>Au>Ce>Pb>Bi>Sb>Nd>U>Dy>
>Er>Tb>Pr>Ho>Yb>Ir>Pu>Th.

The least frequent elements in HEA composition (data
below the trend line) in order of increasing i are arranged
as follows:

Pa<Cm<Bk<Cf<Es<Pm<Tc<Ru<Am<
<Np<Os<Rb<TlI<Lu<Hg<Eu<Tm<Cs<
<Se<Ba<K<As<Sm<Sr<Cd<Te<S<Sc<

<Be<Rh<P<Li<Na<Ca<N<B<O.

Among all the elements considered, d-elements are
most frequently referred to in the composition of HEA,
followed by p-elements and much less by s- and f-
elements (Figure 2).

Thus, the data obtained clearly indicates the presence
of certain trends in research into new materials and the
prospects of the proposed chemical and information
approach to the analysis of relations between chemical
elements and properties of HEA. It allows the number
of objects for research to be limited. This is particularly
important when developing models aimed at prediction
of properties.

215



W3BECTHA BY30B. YEPHAS METAJIIYPTHUd. 2021. Tom 64. Ne 3. C. 214-216.
© 2021. Buxokypos E.I', @apagoHos B.B., Mewaskun B.I1. BbiIcOKOSHTpONMIAHbBIE CIIJIaBbl U IepUoindecKas TabauLa ...

- CONCLUSIONS

The proposed analysis approach to the large arrays
of experimental results as applicable to complex

multicomponent systems, in particular HEA, has
both theoretical and practical value. It is aimed at
developing alloys with a given set of performance
indicators.
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