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Abstract. In this work, a coating of a high-entropy alloy CoCrFeNiMn of non-atomic composition is formed on a substrate made of alloy 5083
by the method of wire-arc additive manufacturing (WAAM). The authors investigated the change in microhardness in the contact zone of the coating —
substrate system. Using the methods of modern physical materials science, the structural and phase state, defect structure and elemental composition
of the coating — substrate system were analyzed. The discovered physical mechanisms contribute to an increase in hardness in the contact zone.
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AnHomayus. B Hactosmiell paboTe METOOM IPOBOJIOYHO-YyTOBOIO A JUTUBHOTO Tpon3BoacTBa (WAAM) Ha nojioxkke u3 cmiasa 5083 dopmu-
pyercst moKpeiTHE U3 BbICOKO3HTpomnuitHoro ciuiaBa CoCrFeNiMn HesKBHaTOMHOTO cocTaBa. ABTOPBI UCCICAYIOT U3MEHEHHE MUKPOTBEPIOCTH
B 30HE KOHTAKTa CHCTEMbI MOKPBITHE — MOI0XKKA. C IMOMOIIBIO METOJOB COBPEMEHHOTO (DU3MYECKOTO MAaTepPHANIOBEICHHS POAHATIM3UPOBAHBI
CTPYKTYpHO-(pa30BO€ COCTOsIHUE, e(heKTHASI CTPYKTYpPa U 2JIEMEHTHBIH COCTAB CUCTEMBbI IOKPBITUE — NMOAT0KKa. OOHApYKeHbI (PH3UUECKHE MeXa-
HH3MBI, CIIOCOOCTBYOLINE MOBBIIICHHIO TBEPIOCTH B 30HE KOHTAKTA.
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baazodapHocmu: Pabora BbIonHEeHa B paMkax rocyaapcrseHnoro 3aganust Ne 0809-2021-0013. ABTopsl BbIpakaloT OJ1arofapHocThb mpodeccopam
10.®. ViBanosy u B.E. I'pomoBy 3a 00Cyk/eHHE PE3yIbTATOB.

Aas yumupoeanus: Ebumos M.O., ITanuenko U.A., naposa FO0.A. I'paguent MukporBepaocty B 30He KoHTakTa nokpsitie (BOC CoCrFeNiMn)
—nomioxka (criaB 5083). Hzeecmus 6y306. Yepnas memannypeus. 2024;67(4):398-400. https://doi.org/10.17073/0368-0797-2024-4-398-400

In recent years, researchers in physical materials sci-
ence have focused on high-entropy alloys (HEAs) [1; 2],
which exhibit abnormally high values of mixing entropy,
surpassing those of complex alloys. The HEA concept
involves achieving maximum mixing entropy from five
or more elements in various atomic ratios. This results in
single-phase structures with significant lattice distortion
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and impeded diffusion, leading to enhanced strength pro-
perties and stability over a wide temperature range [3 — 5].
Developed HEAs show promise for applications in elec-
tronics, nuclear energy, transport engineering, aerospace,
and other industries [6; 7]. The use of HEAs is expected
to expand as new compositions are developed and their
properties investigated. Currently, extensive information
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is being gathered and understood about HEA synthesis
methods, structural and phase states, defect substruc-
tures, and properties.

In this study, the change in microhardness within
the contact zone of the HEA CoCrFeNiMn coating on
the alloy 5083 substrate was analyzed.

The study used samples of the coating-substrate
system, where the coating was a non-equiatomic com-
position of HEA CoCrFeNiMn, formed on a substrate
of alloy 5083 using wire-arc additive manufacturing [3].
The hardness of the material was determined using
the Vickers method on a PMT-3 microhardness tester
with a load of 5 N. Studies of structural and phase states,
defect substructure, and elemental composition were con-
ducted using transmission electron diffraction micros-
copy on a JEM2100 instrument.

The microhardness of the coating — substrate system
varies from 9.9 GPa at the coating — contact zone boun-
dary to 1.5 GPa at the contact zone — substrate boundary.
The microhardness of the coating and substrate is 3.0 and
1.0 GPa, respectively (Fig. 1).

The significant change in the microhardness of the con-
tact zone is due to the structural and phase changes
of the material when the coating is applied to the sub-
strate. X-ray microanalysis confirmed the chemical homo-
geneity of the coating and the presence of aluminum
atoms, indicating their diffusion from the substrate.

Electron microscope images of the contact zone
revealed the formation of a grain-subgrain structure with
crystallite sizes ranging from 0.5 to 1.1 um (Fig. 2, a).
Within the grains of such a structure, chaotic and cellular
dislocation substructures with a scalar density of approx-
imately 10'° cm are present (Fig. 2, b).

11
10 %9
9+
8+
7 -
£
o 6r
N5 45
T
4 -
3.0
3+
2r 1.5 o
A H s
0 . . . u
Coating Coating- Middle Contact Substrate
area contact zone of the contact ~ zone-
boundary zone substrate
boundary

Measurement location

Fig. 1. Change in microhardness of the coating — substrate system

Puc. 1. VI3meHenne MUKPOTBEPIOCTH CUCTEMBI IIOKPBITHE — MOUIOKKA

Particles of the second phase were found within
the volume of grains and subgrains, as well as at their
boundaries. The sizes of these particles in the grain
volume range from 15 to 17 nm, and at their boundaries
from 30 to 35 nm. Analysis of X-ray diffraction patterns
established that the chemical composition of the second-
phase particles is AL Ni.

Plate-shaped formations were found in the contact
zone on the substrate side. Analysis of dark-field images
and indexing of the corresponding X-ray diffraction pat-
terns allows us to conclude that these inclusions are iron
aluminides of the composition Al,Fe,.

Fig. 2. Electron microscopic images of contact zone
of the coating — substrate system:
a — grain-subgrain structure;
b — dislocation substructure

Puc. 2. DnexTpoHHO-MHKPOCKOITMYECKUE H300paskeH s
30HBI KOHTAKTa CHCTEMBbI IOKPBITHE — MO/JIOKKA:
@ — 3epeHHO-Cy03epeHHAs CTPYKTYpa;
b — nucnokanuoHHas CyOCTpyKTypa
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- CONCLUSIONS

Analysis of the phase elemental composition and defect
substructure suggests that the increase in microhardness
in the contact zone of the coating-substrate system is due
to several factors: the formation of a submicron grain-
subgrain structure containing nanosized second-phase
particles, solid-solution strengthening resulting from
mutual alloying of the coating and substrate, and the for-
mation of plate-shaped iron aluminides. Additionally,
differences in thermophysical characteristics between
the coating and the substrate may lead to the formation
of internal stress fields in the contact zone.

B REFERENCES / CNMUCOK IMTEPATYPbI

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. Rogachev A.S. Structure, stability and properties of high-
entropy alloys. Physics of Metals and Metallography.
2020;121(8):733-764.
https://doi.org/10.1134/S0031918X20080098
Poraues A.C. Ctpykrypa, cTaOHMIBHOCTb U CBOWCTBA BBICO-
KOOHTPOIHMHHBIX CIUIABOB. DU3UKA MEMANLO08 U MEMALI08e-
Oenue. 2020;121(8):807-841.
https://doi.org/10.31857/S0015323020080094

3. Gromov V.E., Konovalov S.V., Ivanov Yu.F., Osintsev K. A.
Structure and Properties of High-Entropy Alloys. Springer;
2021;107:110. https://doi.org/10.1007/978-3-030-78364-8

4. Cantor B. Multicomponent and high entropy alloys. Entropy.
2014;16(9):4749-4768. https://doi.org/10.3390/e16094749

5. Miracle D.B., Senkov O.N. A critical review of high entropy
alloys and related concepts. Acta Materialia. 2017;122:
448-511. https.//doi.org/10.1016/j.actamat.2016.08.081

6. Yeh J.—W. Physical metallurgy of high-entropy alloys. JOM.
2015;67(10):2254-2261.
http://doi.org/10.1007/s11837-015-1583-5

7. Tsai M.—H., Yeh J.—W. High-entropy alloys: A critical review.
Materials Research Letters. 2014;2(3):107-123.
http://doi.org/10.1080/21663831.2014.912690

Mikhail O. Efimov, Candidates for a degree of Cand. Sci.(Eng.)
of the Chair of Science named after V.M. Finkel, Siberian State Industrial
University

ORCID: 0000-0002-4890-3730

E-mail: moefimov@mail.ru

Irina A. Panchenko, Cand. Sci. (Eng.), Head of the Laboratory of Elect-
ron Microscopy and Image Processing, Siberian State Industrial Univer-
sity

ORCID: 0000-0002-1631-9644

E-mail: iriss@yandex.ru

Yuliya A. Shlyarova, Postgraduate of the Chair of Science named after
V.M. Finkel, Researcher of Laboratory of Electron Microscopy and Image
Processing, Siberian State Industrial University

ORCID: 0000-0001-5677-1427

E-mail: rubannikova96@mail.ru

Muxaua Oaezosuu Epumos, couckamenb kagedpel ecmecmeeHHO-
Hay4Hblx ducyunauH um. npogeccopa B.M. @unkens, CHGUPCKUI rocy-
JlapCTBEHHBIN HH/IYCTPUAIbHbIA YHUBEPCUTET

ORCID: 0000-0002-4890-3730

E-mail: moefimov@mail.ru

Hpuna AnekceesHna IlaHueHKo, K.m.H., 3asedytoujull 1a6opamopuetl
3/1eKMPOHHOU MUKpockonuu u obpabomku u3obpadxceruti, CAGUPCKUI
rocyJjapCTBeHHbIN HHAYCTPUA/IbHbIA YHUBEPCUTET

ORCID: 0000-0002-1631-9644

E-mail: i.riss@yandex.ru

HOausa Andpeeena lllaapoea, acnupanm kagedpbl ecmecmeeHHOHA-
YUHbIX ducyunauH um. npogpeccopa B.M. Purnkens, HayHblli compyoHUK
s1a6opamopuu 3/1eKMpoHHOU MUKpOCKohuu U 06pabomku usobpadice-
Hutl, CHGUPCKHUI TOCyJapCTBEHHbIA UHAYCTPUATbHBIA YHUBEPCUTET
ORCID: 0000-0001-5677-1427

E-mail: rubannikova96@mail.ru

M. 0. Efimov - sample preparation, microhardness measurement, lite-
rary review.

I. A. Panchenko - TEM analysis, formulation of the work concept.

Yu. A. Shlyarova - discussion of results, writing the final version of
the article.

M. 0. Edpumos - noroToBKa o6pasLioB, U3MepeHre MUKPOTBEPOCTH,
0630p JIUTEPATYPBI.

H. A. lanyenko - [19M ananu3, popMynupoBaHre KOHLENLUH PabOThI.
10. A. lllasipoea - o6cyxjeHue pesy/abTaTOB, NOATOTOBKA OKOHYA-
TeJIbHOT0 BapUaHTA CTaTbH.

Received 15.12.2023
Revised 10.01.2024
Accepted 12.02.2024

Ioctynuna B penakuuio 15.12.2023
TTocne nopadorku 10.01.2024
Tlpunsita k myonukanun 12.02.2024

400


https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.31857/S0015323020080094
https://doi.org/10.1134/S0031918X20080098%20%20
https://doi.org/10.1007/978-3-030-78364-8
https://doi.org/10.3390/e16094749
https://doi.org/10.1016/j.actamat.2016.08.081
http://doi.org/10.1007/s11837-015-1583-5
http://doi.org/10.1080/21663831.2014.912690
http://orcid.org/0000-0002-4890-3730
mailto:moefimov@mail.ru
http://orcid.org/0000-0002-1631-9644
mailto:i.r.i.ss@yandex.ru
http://orcid.org/0000-0001-5677-1427
mailto:rubannikova96@mail.ru
http://orcid.org/0000-0002-4890-3730
mailto:moefimov@mail.ru
http://orcid.org/0000-0002-1631-9644
mailto:i.r.i.ss@yandex.ru
http://orcid.org/0000-0001-5677-1427
mailto:rubannikova96@mail.ru

