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Abstract. Nowadays high-entropy alloys (HEAs) with a hexagonal close packed structure consisting of rare-earth metals (REM) are of particular interest.
In this work, we investigated the possibility of using of AL,O, and Al:Zn (1:1) as a protective coatings for REM HEAs GdTbDyHoSc and GdTbDyHoY.
The REM HEAs samples were synthesized from metals of purity >99.9 % by melting in an electric arc furnace under Ar atmosphere (99.99 %).
The samples were coated by supersonic plasma spraying. Corrosion resistance was determined in a salt mist chamber for 48 h. It was found that for all
studied samples corrosive effect in conditions of salt mist leads to degradation of the base material of the alloy. Samples coated with Al:Zn (1:1) under salt
mist conditions showed less resistance than samples coated with AL,O, due to the chemical interaction between aluminum and sodium chloride solution.
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AHHOmayus. B Hacrosiliee BpeMsi 0COOBI HHTEPEC MPEACTABIAIOT BBICOKOIHTponuiiHbIe ciutaBbl (BOC) ¢ rexcaroHaabHON IIIOTHOYIIAKOBAHHON
CTPYKTYpOH, cocTosiume u3 peakosemenbhbix (P3M) snementos. B pabore nposesieno ncenenosanue Bosmoxnoctu ALO; n Al:Zn (1:1) urpars
poub 3amuTHEIX nokpeitHid 1st BOC P3M GdTbDyHoSc u GdTbDyHoY. O6pasupst BOC P3M cunTe3upoBaHbl U3 METAIOB YUCTOTOH >99,9 %
pacIiaBiIeHueM B HIEKTPOLyroBoi reun B armocdepe Ar (99,99 %). [TokpeiTus Ha 00pa3iibl HAHOCHIUCH METOIOM CBEPX3BYKOBOI'O IJ1a3MEHHOTO
HarbuieHust. Koppo3noHHy10 CTOHKOCTb OIpeNessii B KaMepe COJISTHOTO TyMaHa B TedeHue 48 u. YCTaHOBJIEHO, YTO JUIsl BCEX MCCIEI0BAaHHBIX
00pa3ioB KOPPO3HMOHHOE BO3JCHCTBHE B YCIOBHSX COJSIHOTO TyMaHa NMPUBOIMT K JErpajallid OCHOBHOTO Marepuaia cruiaBa. OOpasipl ¢
nokpbitueM Al:Zn (1:1) B yciOBHSIX CONSHOTO TyMaHa MOKa3bIBAIOT MEHBIIYIO CTOMKOCTB, ueM 00pasiupl ¢ nokpbitueM u3 Al,O, Bciencrsue
HMEIOIET0 MECTO XMMHYECKOTO B3aUMO/ICHCTBHUS MY aJTIOMUHHEM M PACTBOPOM XJIOPHa HATPHSI.

Kniouesule ca08a: xopposus, 3allIUTHBIE TIOKPBITHS, KOPPO3UOHHAS CTOMKOCTb, OrpaHHueHue npuMenenus, BOC, P3M
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The hypothesis regarding the potential formation of
high-entropy alloys (HEA) featuring a hexagonal close-
packed (HCP) structure comprising rare earth (RE)
elements was initially proposed in [1]. Building upon
this assumption, Japanese scientists [2] pioneered the
development and production of equiatomic alloys such
as YGdTbDyLu and GdTbDyTmLu, showcasing a sin-
gular-phase HCP structure. Subsequently, HoDyYGdTb
HEAs were fabricated through arc melting [3]. Research
indicates that these alloys also exhibit an HCP structure,
showcasing macroscopic and microscopic homogeneity
without peculiarities related to compositional changes,
secondary phase separation, dendrite formation, and sim-
ilar phenomena. Further investigations substantiated the
HCP structure within these alloys [4]. In [5], the authors
successfully synthesized multiple pure HCP REM (rare
earth metal) alloys devoid of any second-phase, exam-
ining their mechanical properties and the reinforcing
impact of the solid solution.

Rare-earth metals (REM) possess similar atomic sizes
and crystal structures, enabling them to form homoge-
neous solid solutions. Despite garnering considerable
interest within the scientific community, REM HEAs
remain relatively understudied materials to date. It is
postulated that by combining magnetic rare earth metals
with non-magnetic elements like yttrium or scandium,
each with distinct atomic radii, it becomes possible to
create materials with varying densities of defects in their
crystal structures. This approach allows for a comprehen-
sive examination of the role played by the size factor in
the structure formation of REM HEASs and their resulting
functional characteristics.

These alloys exhibit high chemical reactivity, thus
necessitating either a specialized working environment or
additional surface protection against both chemical and,
in certain cases, electrochemical corrosion.

The investigation aimed to explore the viability of
using ALO, and Al:Zn (1:1) as protective coatings for
HEA compositions comprising rare-earth metals like
GdTbDyHoSc and GdTbDyHoY. The synthesis of samp-
les involved melting metals with a purity level of
>99.9 % in a Centorr Vacuum and Industries 5SA arc fur-
nace within an Ar environment of 99.99 % [6]. To apply
coatings onto the samples, supersonic plasma spraying
methodology was employed [7]. Corrosion resistance
tests were conducted in a Q-FOG, SSP60 salt mist cham-
ber for 48 h.

- CONCLUSIONS

It has been confirmed that exposure to salt mist con-
ditions results in the degradation of the base material
of the alloy across all examined samples. Findings indi-
cate that when samples were coated with AL,O, under
salt mist conditions, the destructive process occurred
through localized surface activation, leading to the for-
mation of pitting corrosion. Interestingly, a substantial
portion of the coating on the base material persisted con-
currently. This occurrence can be attributed to the inter-
action between Al,O, and the NaCl solution, enabling
temporary protection of the rare-earth alloy under salt
mist conditions, albeit for a limited duration. Samples
coated with Al:Zn (1:1) demonstrated lower resistance
compared to those coated with Al,O; under salt mist
conditions. This reduced resistance is attributable to the
chemical interaction between aluminum and the sodium
chloride solution, exacerbated by the considerable dif-
ference in the standard electrode potentials of the system
components.

[ REFERENCES / CMUCOK IUTEPATYPbI

1. Zhang Y., Zuo T.T., Tang Z., Gao M.C., Dahmen K.A.,
Liaw PK., Lu Z.P. Microstructures and properties of high-
entropy alloys. Progress in Materials Science. 2014;61:1-93.
https://doi.org/10.1016/j.pmatsci.2013.10.001

2. Takeuchi K., Amiya T., Wada K., Yubuta W., Zhang W.
High-entropy alloys with a hexagonal close-packed structure
designed by equi-atomic alloy strategy and binary phase dia-
grams. JOM. 2014;66:1984-1992.
https://doi.org/10.1007/s11837-014-1085-x

3. Feuerbacher M., Heidelmann M., Thomas C. Hexagonal high-
entropy alloys. Materials Research Letters. 2014;3(1):1-6.
https://doi.org/10.1080/21663831.2014.951493

4. LuznikJ., Kozelj P, Vrtnik S., Jelen A., Jagli¢i¢ Z., Meden A.,
Feuerbacher M., Dolinsek J. Complex magnetism of Ho-Dy-
Y-Gd-Tb hexagonal high-entropy alloy. Physical Review B.
2015;92:224201.
https://doi.org/10.1103/PhysRevB.92.224201

5. Zhao YJ., Qiao JW.,, Ma S.G., Gao M.C., Yang H.J,
Chen M.W., Zhang Y. A hexagonal close-packed high-entropy
alloy: The effect of entropy. Materials & Design. 2016;96:
10-15. https://doi.org/10.1016/j.matdes.2016.01.149

6. Uporov S.A., Ehstemirova S.Kh., Sterkhov E.V., Zai-
tseva P.V., Skryl’nik M.Yu., Shunyaev K.Yu., Rempel’ A.A.
Features of crystallization, structure, and thermal stability of
high-entropy GdTbDyHoSc and GdTbDyHoY alloys. Ras-
plavy. 2022;(5):443-453.

595


https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1007/s11837-014-1085-x
https://doi.org/10.1080/21663831.2014.951493
https://doi.org/10.1103/PhysRevB.92.224201
https://doi.org/10.1016/j.matdes.2016.01.149
https://doi.org/10.17073/0368-0797-2023-5-594-596

N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2023;66(5):594-596.
leavuunckuti b.P, HavuHbix H.U., Henambesa E.B. 06 orpaHU4eHHOM BO3MOXXHOCTH Hcnosb30BaHus Al,05 1 Al-Zn /g 3a1UTHI OT KOPPO3UH ...

VYnopos C.A., Dcremupoa C.X., CrepxoB E.B., 3aii-
nesa [1.B., Ckpeuteauk M IO, Hlynsie K.1O., Pemmens A.A.
OCoOEHHOCTH KPHCTAJUIN3aLUH, CTPYKTYPhl U TEPMHUYECKON
CTaOMIBHOCTH BEICOKOOHTPONHHHBIX crutaBoB GdTbDyHoSc
u GdTbDyHoY. Pacnnaser. 2022;(5):443-453.

7. linykh S.A., Sarsadskih K.I., Chusov S.A., Korolev O.A.,
Achmetshin S.M., Krashaninin V.A. The study of powder
coatings based on Al and Ni, obtained by supersonic plasma
spraying. Journal of Physics: Conference Series. 2019;1281:
012027. https://doi.org/10.1088/1742-6596/1281/1/012027

Boris R. Gel’chinskii, Dr. Sci. (Phys.-Math.), Prof,, Head of the Science
Department, Institute of Metallurgy, Ural Branch of the Russian Aca-
demy of Sciences

ORCID: 0000-0001-5964-5477

E-mail: brg47@list.ru

Nina I. Il'inykh, Cand. Sci. (Phys.-Math.), Senior Researcher, Institute
of Metallurgy, Ural Branch of the Russian Academy of Sciences; Senior
Researcher, South Ural State University

ORCID: 0000-0003-3357-0133

E-mail: ninail@bk.ru

Elena V. Ignat’eva, Research Associate, Institute of Metallurgy, Ural
Branch of the Russian Academy of Sciences

ORCID: 0000-0003-4406-3380

E-mail: lig_a@mail.ru

Bopuc Pagpaunosuu I'eavuuHckull, 0.¢p.-m.H., npogpeccop, pykogodu-
mesb HayyHozo omdeaa, UHCTUTYT MeTa/llyprun YpaabCKoro otze-
nenus PAH

ORCID: 0000-0001-5964-5477

E-mail: brg47@list.ru

Huna Hocugposna HabuHbIX, K.(.-M.H., cmapwuli HayvyHbuili compyod-
Huk, UHCTUTYT MeTam1ypruu Ypanbckoro otgenenus PAH; cmapwuii
HayuHblll compydHuk, H0XKHO-YpanbCKUN roCyAapCTBEHHBIN YHUBEP-
CUTET

ORCID: 0000-0003-3357-0133

E-mail: ninail@bk.ru

Enena BukmopoeHa HzHamveea, Hay4Hbil compyoHuk, UHCTUTYT
MeTaJlJlypruu Ypasbckoro otfesnenus PAH

ORCID: 0000-0003-4406-3380

E-mail: lig_a@mail.ru

B. R. Gel’chinskii - conceptualization of the work, discussion of the
results, editing the text.

N. L Il'inykh - finding and analyzing of literary data, discussion of the
results, writing and editing the text.

E. V. Ignat’eva - investigation of the materials’ properties, discussion
of the results.

B. P. TesvuuHcKull - GopMUpOBaHUE KOHLENLUU PabOThI, 06Cyx/e-
HUe pe3yJIbTaToB, pelakTHPOBaHHe TEKCTa.

H. H. HAbuHbIX - TIOMCK U aHAJIU3 JINTePaTyPHBIX JAHHbIX, UCCIE/0-
BaHMe CBOMCTB MaTepHasoB, 06CyK/jeHue pe3y/IbTaTOB, HallMCaHUe
U peJlaKTUpOBaHUe TEKCTa.

E. B. Hecnamvesa - viccieJoBaHUE CBOMCTB MaTePHaJIOB, 06CyX/e-
HUe pe3yJIbTaTOoB.

Received 22.09.2023
Revised 26.09.2023
Accepted 04.10.2023

Tocrynuna B pepakiuio 22.09.2023
TTocne nopadotku 26.09.2023
Ipunsra x mybnukamuu 04.10.2023

596


https://doi.org/10.1088/1742-6596/1281/1/012027
https://orcid.org/0000-0001-5964-5477
mailto:brg47@list.ru
https://orcid.org/0000-0003-3357-0133
mailto:ninail@bk.ru
https://orcid.org/0000-0003-4406-3380
mailto:l.ig_a@mail.ru
https://orcid.org/0000-0001-5964-5477
mailto:brg47@list.ru
https://orcid.org/0000-0003-3357-0133
mailto:ninail@bk.ru
https://orcid.org/0000-0003-4406-3380
mailto:l.ig_a@mail.ru

