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Abstract. To tackle the pressing challenge of protecting steel products in marine and coastal infrastructure from corrosion and tribo-
corrosion, high-entropy coatings in the FeCrNiCo-Mo_ system were developed using automated vacuum electrospark deposition with
specialized equipment. Discs with a diameter of 30 mm made from 30Kh13 steel were used as substrates. The coatings were applied
using FeCrNiCo-Mo _electrodes, where x =0, 5, 10, and 15 at. %, produced by powder metallurgy. The structure, elemental, and phase
compositions of the coatings were evaluated using XRD, SEM, and EDS methods. FeCrNiCo—-Mo_ coatings were obtained through
the remelting of the substrate and electrode material. Coatings with a moderate molybdenum content (25 at. %) formed a single-phase
solid solution with an FCC lattice. At a Mo content of around 7 at. %, the formation of a second phase based on molybdenum with
a BCC lattice was observed. The thickness of the FeCrNiCo coatings was 45 pm, while the addition of molybdenum to the coatings
reduced this thickness to 32-34 um. The corrosion and tribocorrosion resistance of the coatings was assessed in artificial seawater using
electrochemical and tribological methods. Under stationary corrosion conditions, the coating with 2 at. % Mo exhibited the highest
corrosion resistance, with a corrosion potential of 50 mV and a corrosion current density of 2 pA/cm?. Under tribocorrosion conditions,
the coating with 5 at. % molybdenum demonstrated the highest wear resistance, with a value of 210~ mm?*/(N-m).
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AHHoTayums. [ pelieHns akTyalibHOM POOIeMbI 3aIIUTHI CTAIbHBIX U3ICIHNA MOPCKOH H PHOPEKHOM HHPPACTPYKTYPHI OT KOPPO3HU

1 TpHOOKOPPO3HH OBUTH Pa3paboTaHbl BEICOKOIHTPONHIHEIEC MOKpbITHs B cucTeMe FeCrNiCo-Mo , mostygaeMble METOJIOM aBTOMa-
TU3UPOBAHHOIO IEKTPOUCKPOBOIO JErHMPOBaHUS B BaKyyMe C UCIIOJIb30BaHHEM CIICMaIbHON YCTaHOBKU. B KkauecTBe moAIoKeK
NPUMEHSIIACH AuckH JuamerpoM 30 MM u3 cramu 30X13. J{inst HaHeceHus! NOKPHITHH ncnoiab3oBannch mekTponsl CrNiCo-xMo,
e x=0,5,10 u 15 ar. %, moxy4eHHbIE METOIOM HOPOMIKOBON MeTaurypruu. CTpYKTypy, JIeMEHTHBIH U (pa3oBBI cOCTaBbI
nokpeITHi onennBanu Merogamu POA, COM n DJIC. 3a cyer neperuiaBa Marepuasa IOUIOKKU M DJIEKTPoJia ObUIN IOJIy9YeHBI
nokpeiThst FeCrNiCo-Mo, . TTokpeiThs ¢ ymMmepeHHO# none monubaena (2-5 at. %) MpecTaBistoT coboi oHodasHbIi TBEPIbIH
pactBop ¢ I'lIK-pemrerkoii. [Tpu comepxkanuu Mo oxono 7 at. % HaGmomaercs popMUpoBaHHe BTOPOil (a3bl HA OCHOBE MOJHO-
nena ¢ OlK-penrerkoii. Tommmua mokpeituii FeCrNiCo cocrapmsiia 45 MKM, BBEJICHUE MOJHOJ/ICHA B COCTAaB MMOKPBITHI MPUBO-
IO K ee CHIDKeHWIO 10 32-34 MkM. OueHka KOpPO3HOHHOM M TPHOOKOPPO3MOHHOM CTOWKOCTH IOKPBITHH OCYIIECTBISUIACH
B NCKYCCTBEHHOM MOPCKOH BOJE IEKTPOXHUMHUYECKUMH 1 TPUOOIOTHYECKUMH METOaMH. B cTalimoHapHBIX KOPPO3HOHHBIX YCIIO-
BUSIX IOKpEITHE C 2 aT. % Mo XapakTepr30Baloch HaHOOJIbIIEH KOPPO3HOHHON CTOMKOCTHIO: KOPPO3UOHHBIN MTOTEHIMAN COCTaBIISII
50 MB, mwi0THOCTL TOKa KOppo3ur — 2 MKA/cM?. B TpuGOKOPPO3MOHHBIX YCIOBUSIX HAUOOJBIIEH H3HOCOCTOMKOCTBIO HA YPOBHE

2-107° mm?/(H-m) 06anano nokpeitue ¢ 5 ar. % monudeHa.

KnioueBbie caoBa: 51eKTPOMCKPOBOE JICTUPOBAHUE, BAKYyM, OKPBITHS, MOPCKasi BOZA, DIEKTPOXUMHUS, H3HOCOCTOHKOCTh, KOPPO-

3MOHHAs CTOMKOCTh, TPHOOKOPPO3HS
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Introduction

Currently, over 50 % of the world’s population
lives within 60 km of the coastline [1]. More than 80%
of global trade is conducted by sea [2; 3]. Human eco-
nomic activity in the marine and coastal zones is closely
linked to the production and operation of marine trans-
port vessels and coastal infrastructure. Steel, due to its
high specific strength, wide availability, and favorable
economic characteristics, is one of the primary struc-
tural materials used for these purposes [4; 5]. However,
the challenges of using structural steels in seawater
arise not only from corrosion but also from tribocor-
rosion — a phenomenon that combines mechanical
wear and corrosion degradation [6; 7]. Tribocorrosion
causes the most damage to friction pairs, such as bea-
rings, shafts, rods, swivels, etc. [8], leading to a sig-
nificant reduction in the service life of structures and
resulting in substantial economic losses. In industria-
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lized countries, the economic impact of tribocorrosion
can account for up to 3—4 % of GDP [9; 10].

The primary method of corrosion control in marine
environments is alloying steel with chromium and
molybdenum due to their ability to form a dense passive
film on the surface [11-13]. This film acts as a barrier,
preventing contact between the metal and the aggres-
sive environment, thereby protecting against further
degradation. However, a recently discovered class
of high-entropy alloys (HEAs) has outperformed tradi-
tional chromium- and molybdenum-enriched stainless
steels in terms of tribocorrosion resistance [14—16].
Fe-based HEAs (Fe—Cr—Ni—Co—X) are promising mate-
rials for use in the marine industry due to their excel-
lent mechanical and corrosion properties. Chromium
promotes the formation of a stable and dense passive
film, with high chromium content enhancing resistance
to pitting corrosion. Nickel contributes to resistance
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against both general and localized corrosion and serves
as an austenite stabilizer. Cobalt also plays a role in
stabilizing the oxide film. However, the key element
ensuring the formation of a dense and high-quality pas-
sive film, especially in the presence of chromium, is
molybdenum.

The cost of high-entropy alloys is relatively high
due to the substantial content of expensive alloying
elements and the complex manufacturing process.
Additionally, some HEAs have shown a tendency
toward brittle behavior under certain conditions [17].

The most promising application of high-entropy
alloys for corrosion protection is not in the fabrication
of entire structural components from HEAs but in their
use as surface coatings. Currently, HEA-based coatings
are primarily produced by methods such as laser clad-
ding, electro-spark deposition, magnetron sputtering,
and others [18; 19].

Electro-spark deposition (ESD) in a vacuum using
CNC-controlled equipment is one of the most promising
methods for producing wear-resistant and corrosion-
resistant coatings on various steels due to its improved
uniformity and purity [20]. This method can produce
relatively thick coatings, up to 200 um [18; 21], with
excellent adhesion strength due to micrometallurgi-
cal reactions between the electrode and the substrate.
Additionally, this coating technology is characterized
by its relative simplicity, cost-effectiveness, high pro-
ductivity, ease of process automation, and the capabi-
lity for localized coating deposition. During vacuum
electro-spark deposition, material transfer from
the electrode to the substrate and pulsed cathode-arc
evaporation of the electrode, initiated by spark dis-
charge, occur simultaneously. This enhances process
efficiency and improves surface wettability, resulting
in lower coating roughness [10].

The aim of this study was to investigate the influ-
ence of molybdenum on the structure, corrosion,
and tribocorrosion properties of coatings based
on the FeCrNiCo-Mo, high-entropy alloy.

Materials and methods

The FeCrNiCo-Mo_ were deposited using a spe-
cialized vacuum system for electrospark deposition,
equipped with a three-axis table and a rotating elect-
rode holder [22]. the electrodes used for the coatings
were produced by powder metallurgy from a base
equiatomic mixture of CrNiCo with addition of 5, 10,
and 15 at. % Mo. Iron was introduced into the coatings
through the mixing of the substrate and electrode mate-
rial during the electrospark deposition process.

Fig. 1 shows SEM images of high-purity (>99 %)
metal powders of Cr (PKh-18S, <63 um), Ni (PNK-0T2,
<20 um), Co (PK-lu, <1.2 um), and Mo (PM99.95,
<5 um), which were used to prepare the initial mixture
for electrode production. the powders were mixed in a
ball mill for 4 h. Blanks were produced from the mix-
ture by cold pressing, followed by sintering in a vacuum
furnace at 1300 °C for 60 min (with a residual pressure
in the vacuum chamber not exceeding 1-1072 Pa). After
sintering, the electrode blanks were ground to produce
rods 60 mm in length and 6 mm in diameter.

Before deposition, the vacuum chamber was
evacuated to a pressure of 5-1073 Pa, after which Ar
(99.993 %) was introduced to maintain a working pres-
sure of 20 Pa. the coatings were deposited under the fol-
lowing parameters: electrode rotation speed — 1000 rpm,
scanning speed and step — 500 mm/min and 0.5 mm,
respectively. After each processing cycle, the scanning
direction was changed to perpendicular to ensure better
coverage and uniformity of the coatings.

Fig. 1. SEM images of powders used for electrodes production

Puc. 1. COM-n300paxeHus TOPOLIKOB, HCIIOIb3YEMBbIX UL H3TOTOBICHHS JIEKTPOIOB
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The FeCrNiCo-Mo_ coatings were deposited onto
30 mm diameter, 3 mm thick discs made of 30Kh13
steel under the following technological parameters:
pulse frequency — 500 Hz, voltage — 50 V, pulse dura-
tion — 50 ps, electrode polarity — anodic.

Phase composition of the coatings was studied
using X-ray phase analysis (XRD) on a D8 Advance
diffractometer (Bruker, Germany) with monochromatic
CuK radiation in the 20 angle range from 10 to 100°.

Morphology and microstructure of the coatings
were examined using a scanning electron microscope
(SEM) S-3400N (Hitachi, Japan) equipped with
an energy-dispersive spectrometer (EDS) NORAN
(Thermo Scientific, USA).

Electrochemical properties of the coatings were
studied in a three-electrode cell using an IPC Pro MF
potentiostat (Russia). A platinum electrode was used
as the auxiliary electrode, and an Ag/AgCl electrode
served as the reference. the corrosion current den-
sity and potential were determined by extrapolating
the polarization curves using the Tafel method.

Tribocorrosion resistance of the coatings was
evaluated using a Tribometer (CSM Instruments,
Switzerland) equipped with a special rotating cell that
allows the registration of the electrochemical corrosion
potential during tribological tests in a ball-on-disk con-
figuration. the tests were conducted in artificial seawa-

CoCrNi— 0

TRy

ter at a load of 5 N, a distance of 500 m, and a sliding
speed of 10 cm/s. the artificial seawater was prepared
according to ASTM D1141-98 from the following
salts (g/L): NaCl (24.53), MgCl, (5.20), Na,SO, (4.09),
CaCl, (1.16), KCI1 (0.695), NaHCO, (0.201), KBr (0.1),
H,BO, (0.027), SrCl, (0.003), NaF (0.003).

An alumina (Al,O;) ball with a diameter of 6 mm
and a roughness of R_= 0.8 um was used as the coun-
terbody. the wear tracks on the coatings were examined
using optical profilometry with a WYKO NT1100 pro-
filometer (Veeco, USA).

Results and discussion

Fig.2 presents SEM cross-sectional images
of the electrodes after sintering and the corresponding
molybdenum distribution maps. All electrodes were
characterized by high density and low residual poro-
sity. Molybdenum in the CoCrNi—5Mo electrode was
evenly distributed throughout the volume, while in
electrodes with higher Mo content (10 and 15 at. %),
clusters rich in molybdenum were observed.

The coatings obtained using the CoCrNi, CoCrNi—5Mo,
CoCrNi—10Mo, and CoCrNi—-15Mo electrodes are
referred to as OMo, 5Mo, 10Mo, and 15Mo, respec-
tively. Fig. 3 shows SEM images of the coating sur-
faces and the corresponding element distribution maps;
the composition of the coatings is provided in Table 1.

CoCrNi-1 §M

Electrodes Contents, at. %
Cr Co Ni Mo
c CrNiCo-5Mo 32 31 33 5
CrNiCo-10Mo 29 30 31 10
CrNiCo-15Mo 28 29 28 15

Fig. 2. SEM images of electrode cross-sections (@), Mo distribution maps (b) and elemental composition (¢)

Puc. 2. COM-u306paskenust uinOB MEKTPOIOB (@), KapThl pactpeaeneans Mo (b) u anmeMeHTHBIH cocTaB (¢)
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the surface of the coatings exhibits a characteristic
morphology in the form of overlapping areas of solidi-
fied melt formed by individual electrospark deposition
pulses. No cracks or other surface defects were detected
on the coatings. the 0Mo coating was characterized by
a uniform distribution of elements across the surface.
the introduction of Mo into the coatings resulted in
the formation of a less homogeneous structure. It is
evident that the 10Mo and 15Mo coatings consist
of two distinct areas: 1) iron-based and 2) regions with
higher concentrations of Mo, Ni, and Co. Additionally,

0Mo y

Table 1. Elemental composition (at. %)
of the surface of FeCrNiCo-Mo, coatings

Tabnumya 1. deMeHTHBII cocTaB (aT. %)
nosepxHoctu nokpeitTuii FeCrNiCo-Mo,

Coating (0) Cr | Fe | Co | Ni | Mo
OMo 4 20 | 41 16 | 19 -
5Mo 4 21 | 41 17 | 15 2
10Mo 3 24 | 31 17 | 20 5
15Mo 5 20 | 43 | 12 | 13 7

250 pm

250 pm

250 pm

Fig. 3. SEM images of coating surface and corresponding element distribution maps

Puc. 3. COM-u300paskeHHs TOBEPXHOCTH MOKPBITUH 1 COOTBETCTBYIOIINE KapThl PACIPEACICHHS JIEMEHTOB
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the coating with the highest molybdenum content
exhibited increased surface roughness, with so-called
“burns” containing large amounts of molybdenum.

Iron was the primary element in the coatings.
the introduction of iron into the coatings occurred
directly during electrospark deposition due to the mix-
ing of the melts from both the electrode mate-
rial and the substrate material in localized melting
areas. the 10Mo coating had the lowest iron content,
at 31 at. %, while in the other coatings it ranged
between 41-43 at. %. This effect is likely due to more
intensive transfer of the CoCrNi—10Mo electrode mate-
rial. the molybdenum content in the coatings increased
with its proportion in the electrodes, reaching 2 (5Mo),
5 (10Mo), and 7 (15Mo) at. %, respectively. the 10Mo
coating had the highest chromium content of 24 at. %,
while the other coatings showed chromium levels in
the range of 20-21 at. %. the Ni and Co content in
the OMo—10Mo coatings was 15-20 at. %, while in
the coating with the highest molybdenum content, it
was around 12-13 at. %. Additionally, all coatings
showed a small oxygen content of about 3—5 at. %.

Fig. 4 shows SEM cross-sectional images ofthe coat-
ings at various magnifications. the coatings exhibited
high density, with no voids or cracks detected. the base
FeCrNiCo coating without molybdenum had the high-
est thickness — up to 45 pm — while processing with
molybdenum-containing electrodes reduced the thick-

0Mo
a -

ness to 32-34 um (5Mo—15Mo coatings). the reduction
in coating thickness is associated with the altered mate-
rial transfer during processing due to the introduction
of refractory molybdenum, which led to a decrease in
the size of the melt zone. Additionally, the molybde-
num-containing coatings showed more pronounced
transition areas between the substrate and the coat-
ing. the main layer of the 0Mo and 5Mo coatings was
characterized by high uniformity, while the introduc-
tion of a higher amount of molybdenum into the coa-
tings resulted in the formation of more distinct areas,
rich in molybdenum and depleted in iron (Fig. 4, ¢).
In the 10Mo coatings, these areas appeared as isolated
clusters smaller than 5 um, while in the 15Mo coating,
these areas formed a discontinuous top layer.

Fig. 5 presents XRD patterns of FeCrNiCo-Mo_
coatings and the steel substrate. All coatings were
characterized by a single-phase structure based on
a solid solution with an FCC lattice and a strong (200)
texture, formed due to the directional solidification
of the melt zones. Increasing the molybdenum con-
tent in the coatings leads to a shift of the FCC peaks
towards lower angles, indicating an increase in the lat-
tice parameter due to the large atomic radius of molyb-
denum. It is worth noting that the 10Mo and 15Mo coa-
tings have the same lattice parameter, which may be due
to the small difference in molybdenum content (5 and
7 at. %) and the fact that when the molybdenum con-

15Mo

7100 im
—

10Mo

. Contents, at. %
Coating Area -

(0) Cr Fe Co Ni Mo
0Mo 1 5 22 27 23 23 —
sM bi 12 18 50 7 10 3

¢ © 2 - 15 84 - 1 -
1 12 17 53 6
10Mo
2 13 25 10 21 23 8
15Mo 1 11 22 21 17 19 10
2 12 17 53 6 8 4

Fig. 4. SEM images of cross-sections of FeCrNiCo-Mo, coatings at different magnifications (a, b)
and elemental composition of selected areas (c)

Puc. 4. COM-uzo6paxenus mnpos nokpeituii FeCrNiCo-Mo 1pu pasiuyHbIX yBelHueHUsX (a, b)
1 3JIEMEHTHBIN COCTaB BBIJCICHHBIX o0nacTtei (¢)

24



,Q POWDER METALLURGY AND FUNCTIONAL COATINGS. 2024;18(5):19-29
ST PMeFC Kuptsov K.A., Fatykhova M.N., etc. High-entropy coatings in the FeCrNiCo—Mo, system ...
T @ (110) a
m — Fe—Cr—Ni (austenite) (200)
@ — Fe—Cr (ferrite)
;‘ 1 1 1
& @ (211
§ 30Kh13 : (200) 1 (200) JL( ) 49 50 51 52 53
=
= (111) m (220) ] = c
15 Mo _A N
10 Mo )\ } A N
5 Mo J\ A N
0 Mo A A N Q
1 1 1 1 1 1 1 1 1 1 1
30 40 50 60 70 80 90 42 43 44 45
20, deg 20, deg

Fig. 5. XRD patterns of FeCrNiCo-Mo_ coatings and 30Kh13 substrate (a),
as well as detailed image of FCC (200) peaks (b) and 15Mo coating (111) FCC and (110) BCC phases peaks (c)

Puc. 5. Mudpaxrorpammsr nokpeituii FeCrNiCo-Mo u nmoanoxku 30X13 (a),
a Takke yBenmdeHHoe m3o0pakenune nuka (200) ['LK-dasst (b) u mukos (111) 'LHK- u (110) OLUK-da3 mns nokpeitas 15Mo (c)

tent exceeds a certain threshold (5 at. % in our case),
additional molybdenum can no longer be incorporated
into the FCC lattice and will form its own phase.

In the case of the 15Mo coating, a second set of low-
intensity peaks corresponding to an a-Fe (ferrite) phase
can be distinguished. On one hand, these peaks could
be attributed to the substrate, which has this structure.
On the other hand, given the thickness of the coatings,
this assumption seems unlikely. Another possible expla-
nation is the formation of an additional BCC phase rich
in molybdenum. the presence of such regions was shown
in the cross-sections of the 15Mo coating. Additionally,
molybdenum has very limited solubility in the FCC
phase, as it is a ferrite stabilizer. Thus, processing with
the CoCrNi—15Mo electrode is undesirable, as it leads
to the formation of a two-phase coating.

Fig. 6 presents the results of tribocorrosion tests
of FeCrNiCo-Mo_ coatings. These tests included three
stages: exposure to a corrosive environment (artificial
seawater); tribological testing in a corrosive environ-
ment; and re-exposure under stationary conditions after
the friction process was completed.

A key characteristic of tribocorrosion is the continu-
ous wear of the passive film, which causes a sharp drop
in corrosion potential due to the exposure of an active
surface in the corrosive environment. the base 0Mo
coating exhibited the highest corrosion potential
during friction at —180 mV. Introducing a moderate
amount of molybdenum (5Mo and 10Mo coatings) led
to a more significant decrease in corrosion potential,
down to —200 mV. the coating with the highest Mo
content showed the highest drop in corrosion potential
to —250 mV, likely due to the formation of galvanic
couples between iron- and molybdenum-rich regions.

the coefficient of friction for all coatings ranged from
0.2 to 0.3, with the lowest levels (0.2—0.25) observed in
the 0Mo and 10Mo coatings.

The highest wear resistance was observed in
the 10Mo and 15Mo coatings with higher molybdenum
content — the wear rate was (2.0+2.7)-10~ mm?/(N-m),
whereas in the OMo and 5Mo coatings, it was
(4.1+4.8)-10° mm3/(N-m). This effect is likely due
to the strengthening of the high-entropy matrix in
the 10Mo and 15Mo coatings through the formation
of molybdenum-rich regions.

Wear tracks and the composition of wear pro-
ducts are shown in Fig. 7 and Table 2. the morphology
of the wear tracks represents partially worn roughness,
and the wear products are mainly represented by iron
and chromium oxides.

The polarization curves of the coatings with varying
Mo content are shown in Fig. 8. the corrosion poten-
tial and current density of the base FeCrNiCo coatings
were 70 mV and 3.5 pA/cm?, respectively. the introduc-
tion of 2 at. % Mo (5Mo coating) led to a slight shift
of the potential in the negative direction to 50 mV, but at
the same time, the corrosion current density decreased by
almost a half (2 pA/cm?). Further increasing the molyb-
denum content to 5-7 at. % (10Mo, 15Mo) caused an
increase in the electrochemical potential to 110—-120 mV;
however, the corrosion current density increased to 4.0—
4.5 nA/cm?. Thus, the introduction of a small amount
of molybdenum into FeCrNiCo leads to a reduction
in corrosion current density, while further increases in
molybdenum content primarily result in a significant
shift in corrosion potential towards positive values.

This electrochemical behavior can be explained as
follows. the introduction of a small amount of molyb-
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Fig. 6. Results of tribocorrosion tests (corrosion potential and coefficient of friction) of FeCrNiCo—-Mo, coatings
in artificial seawater (), typical 2D wear track profiles (b) and wear rates (c)

Puc. 6. Pesynbrarsl TpHOOKOPPO3NOHHBIX UCCIIEN0BAHUI (TIOTEHIMAT KOPPO3HUU U KOI(DPHUIIMEHT TPESHHS)
nokpbituil FeCrNiCo-Mo, B ucKyccTBeHHOH Mopckoi Bojsie (@), Tumuunbie 2D-npodum nopoxkek uzHoca (b)
W 3HAYCHUSI IPUBEICHHOTO U3HOCA (C€)

denum (2 at. %) does not lead to the formation
of molybdenum-rich regions, so the surface potential
remains almost unchanged. Nevertheless, molybde-
num in such quantities, especially when paired with
chromium, contributes to the formation of a denser
passive film, which improves the corrosion resistance

0Mo SMo

of the 5Mo coatings. A higher molybdenum content in
the coating leads to the formation of regions (possibly
phases) rich in molybdenum, which shifts the sur-
face potential in a more positive direction. However,
the presence of surface heterogeneities intensifies cor-
rosion processes.

10Mo 15Mo

Fig. 7.3D profiles and SEM images of wear tracks of FeCrNiCo-Mo_ coatings after tribocorrosion tests

Puc. 7. 3D-npopunu 1 COM-u3o0paskenus joposek nsHoca nokpbituit FeCrNiCo—-Mo  nocie TpuOoKOpPO3HOHHBIX HCTIBITAHUH
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Table 2. Elemental composition of wear products (at. %)
Tabnuya 2. JneMeHTHBIIi COCTAaB MPOAYKTOB U3HOCcA (aT. %)
Coating C O | Na | Mg | Si Cl | Ca | Cr | Fe | Co | Ni | Mo
OMo 38 37 1 1 1 1 1 4 10 3 3
5Mo 16 58 - 1 1 1 1 4 15 2 1 -
10Mo 18 54 1 1 1 1 1 4 15 2 2
15Mo 48 31 1 1 1 1 1 3 10 1 1 1
10° 4. Under tribocorrosion conditions, coatings with
10Mo moderate molybdenum content (up to 5 at. %) demon-
0k 5Mo strated a corrosion potential drop to —180 to —200 mV
. OMo and a coefficient of friction around 0.25. the addition
\g 102 b of higher amounts of molybdenum led to a more sig-
é nificant potential drop (down to —250 mV) and a higher
8 10t 15Mo coefficient of friction (up to 0.3). the coating with
8 5 at. % molybdenum exhibited the highest wear resis-
0 - tance, with a specific wear rate of 2-105 mm?*/(N-m).
10° L ' ' ' ' References / Cnucok nutepatypbl
-100 0 100 200 300

Potential, mV

Fig. 8. Corrosion current density versus applied potential curves
for coatings with varying molybdenum content

Puc. 8. 3aBUCHMOCTH IIOTHOCTH TOKA KOPPO3UH
OT MPUJIOKEHHOTO MOTEHIMAA JIJIsl IIOKPBITUI
C Pa3JIMYHBIM COJICPKAHUEM MOIHOICHA

Conclusions

1. High-entropy coatings with thicknesses up to
45 um in the FeCrNiCo-Mo_ system with varying
molybdenum content were successfully obtained using
electrospark deposition in a vacuum. the introduction
of a moderate amount of molybdenum in the range
of 2-5 at. % into FeCrNiCo-based coatings has shown
promise for enhancing their corrosion and tribocorro-
sion resistance in seawater.

2. All coatings with molybdenum content up to
5 at. % were single-phase solid solutions with an FCC
lattice. the addition of higher amounts of molybdenum
(7 at. %) led to the formation of a second phase based
on molybdenum with a BCC lattice.

3. Under stationary corrosion conditions, the coating
with 2 at. % Mo exhibited the highest corrosion resis-
tance, with a corrosion current density and potential
of 2 pA/cm? and 50 mV, respectively. the introduction
of higher amounts of molybdenum (5-7 at. %) led to a
shift in potential towards positive values, up to 120 mV,
due to the formation of molybdenum-rich regions.
However, the intensified local corrosion caused the cor-
rosion current density to reach 4.5 pA/cm?.
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