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Introduction

High entropy alloys (HEAs) are substances
that are constructed with equal or nearly equal
quantities of five or more metals. These alloys
are currently the focus of significant attention
in materials science and engineering, because

they have properties such as: high hardness and
temperature strength, high corrosion and
mechanical resistance, and good weldability
(due to heterogeneity of metals 1n their
composition). These properties make the HEAs
useful as functional coatings or components for
acrospace industry. ) 3




State of the art of High Entropy Alloys study

Possible element combinations
elements combination

3160 ~ 81
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1.58 * 106 ~<1
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ternary quaternary

3.00 * 108 ~<1 Information about alloys in the center of the phase

318 * 109 <1 diagram is limited for most ternary systems, and
. - virtually non-existent for quaternary and higher order

2.90 * 1010 ~<] systems.




Development of HEA coatings

Due to high hardness and temperature strength, high
corrosion and mechanical resistance, good weldability HEAs are
believed to be promising candidates for the use of them as
functional coatings or components for aerospace industry.




Known approaches for producing HEA coatings
and films

Magnetron Thermal
Sputtering Spraying

Drawback:

Inhomogeneous microstructure,

Low thickness(productivity) inclusions of oxides, defects,
etc.

Thus, we tried to use a high-rate EBPVD method in this work




Electron-beam method of precipitation of

multicomponent coatings (EBPVD)
= 5]

/ /l Scheme of the process of

precipitation of condensate during

evaporation from one source:

1 - electronic gun for heating

the substrate;

2 - celectronic gun for

evaporation of metal;

3- water-cooled crucible;

4 - ingot; )
5 - holder of the substrate. 7




Method of gradient substrate by Vekshinsky

'/-

The layout of the substrate with a gradient of temperature along the length and
gradient of concentrations, where 1 1s the end of the heated substrate, 2 1s the 8
component ingots, and 3 1s the cold end of the substrate.




The main tasks of the research

1. Study of the possibility of producing of multicomponent AICuFeCrNiCo and
CuFeCrNiCo alloys by means of a single electron-beam evaporation with the
further vapor condensation onto substrate maintained at high temperatures.

2. Determination of both phase and chemical compositions of vacuum
condensates deposited under the given evaporation conditions.

3. Study of the structure parameters of vacuum condensates deposited at
various substrate temperatures.

4. Study of mechanical characteristics ( Young’s modulus, microhardness) of
AlICuFeCrNiCo and CuFeCrNiCo High Entropy Alloys deposited from vapor
phase.
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The object of the research — the formation process of High
Entropy Alloys from vapor phase at EBPVD , structure and
properties of the alloys obtained.

The subject of the research — AlCuFeCrNiCo and CuFeCrNiCo
PVD-condensates.

Methods of the research — X-ray diffraction, microstructural,
duromatric analysis, evaluation of Young’s modulus by the
nanoidentity mothod.
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Production and preparation of samples

Thick condensates of Fe-Ni1-Co-Cr-Cu and Al-Fe-Ni-Co-

Cr-Cu systems were produced by electron beam evaporation [13] of
initial equiatomic FeNiCoCrCu and AlFeNiCoCrCu ingots,
respectively, followed by a vapor condensation on heated steel

substrate (CaF,) at a specified temperature.

Melting of the initial samples was
carried out in a vacuum-arc furnace.

The ratio of the components of the output ingots (at%):
B ———————

Al~17%, Fe~17%,N1~17%,Co~17%,Cr~17%,Cu~17%:; ”
Fe~20%.Ni~20%.C0~20%,Cr~20%,Cu~20%: e e ) 11

Output of ingot




Samples of HEAs after deposition

CuFeCrNiCo AlICuFeCrNiCo



Research results

& . : Ty | e . : =t ) 13

In figure (a, b) obtained structures of high-entropy alloys CuFeCrNiCo (a) and AICuFeCrNiCo (b).




Method of conducting X-ray diffraction
studies

X-ray diffraction researches were conducted
using the X-ray diffractometer DRON-4 (with
computer processing of the data obtained) from

Co-K radiation.

> 14

X-ray diffractometer DRON-4



XRD patterns of FeNiCoCrCu , deposited at different substrate temperatures
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XRD patterns of AlFeNiCoCrCu , deposited at different substrate temperatures
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Effect of deposition temperature on coatings microstructure

—m®— FeNiCuCoCr; Ts=795 K; <D>=130 nm; <¢>=0.0012 AN
—0— FeNiCuCoCr: Ts=1005 K; <D>=260 nm; <¢>=0.0013 The Wllhamson-Hall plOt fOI’ the

—O— AlFeNiCuCoCr; Ts= 1150 K; <D>=87 nm; <e>=0.0011
—@— AlFeNiCuCoCr; Ts= 1020 K; <D>=100 nm; <¢>=0.0009

(222)
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integral width of diffraction peaks
for AlIFeN1CoCrCu and
FeN1CoCrCu condensates

deposited at different substrate
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Nanohardness of AICuFeCrNiCo and CuFeCrNiCo PVD-condensates

—0— AlFeNiCuCoCr
—m— FeNiCuCoCr

o
o
J

o -
o o o
1 [

o
o
l

ok
o
1

<
¥
O
.
wn
L
5
S 5.5
<
=
2
<
Z

.
o (&)
| |

=
o
[

| ’ | ¥ | = | : | " | * | ;
700 800 900 1000 1100 1200 1300
Substrate temperature, K




Mechenical properties of AICuFeCrNiCo and CuFeCrNiCo PVD-condensates.
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Conclusion

1. It was found that vacuum condensates of High Entropy Alloys FeNiCoCrCu and AlFeNiCoCrCu alloys,

obtained by electron-beam deposition from the vapor phase, are characterized by the distribution of chemical elements

close to corresponding outgoing ingots. However, obtained condensates are characterized by high hardness almost
doubled compared with the original ingots, due to a smaller grain size in the condensates.

2. It was identified that phase composition condensates obtained at lower deposition temperatures 990 K
corresponds to the composition of output ingots. Condensates of the system AlFeNiCoCrCu, deposited at higher
deposition temperatures provide additional intermetallic compounds.

3. According duratometric studies it was found that the addition of Al increases the nanohardness of condensates
by 20-40% depending on the receiving temperature. Also, a decrease in Young's modulus for condensates

AlFeNiCoCrCu 1s observed, due to the increase in porosity of condensates.
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Thank you for the

attention!
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