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In this study we prepared FeCoNiCrMnTioeY xwiw (x=0.5, 0.75, 1, 1.25) high-entropy alloy coatings on c45 steel substrates us-
ing the laser-cladding method. The microstructure and properties of the cladding layers were investigated. The results indicated
that the cladding layers exhibited good metallurgical bonding with the substrate, with the coatings comprising an FCC phase
matrix accompanied by the precipitation of the Laves phase. With the addition of Y, the grain size of the coatings was gradually
refined. Owing to the combined effects of grain-refinement strengthening, second-phase-precipitation strengthening, and
solid-solution strengthening, the microhardness of the coatings increased, reaching up to twice that of the substrate. As the
grains were refined, the wear resistance of the coatings initially increased and then decreased, with the optimal performance ob-
served at x=1. The coatings also exhibited excellent corrosion resistance, which improved with increasing Y content.
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V ¢lanku avtorji opisujejo izdelavo prevlek iz zlitin z veliko entropijo tipa FeCoNiCrMnTio¢Yx (x=0,5, 0,75, 1,00 in 1,25) w/%
na jekleno podlago iz jekla tipa c45 z uporabo tehnike laserskega navarjanja. Po navarjanju so avtorji ugotavljali mikrostrukture
prevlek in njihove lastnosti. Rezultati raziskav so pokazali, da imajo prevleke dobro metalursko vez z jekleno podlago. Prevleke
imajo ploskovno centrirano kubi¢no strukturo matri¢ne faze z izlocki Lavesove faze. Legiranje z itrijem (Y) je postopoma
udrobnilo kristalna zrna prevlek. S kombinacijo u¢inkov utrjevanja zaradi udrobljenja (zmanjSevanja velikosti kristalnih zrn),
utrjevanja zaradi izloCanja sekundarne faze in utrjevanja trdne raztopine je mikrotrdota prevlek s povecevanjem dodatka itrija
pomembno naraSc¢ala in dosegla dvakratno vrednost mikrotrdote podlage. Z udrobljenjem kristalnih zrn se je odpornost proti
obrabi prevlek najprej povecala in nato zmanjSala. Optimalne lastnosti prevleke so avtorji dosegli pri vrednosti x=1. Izdelane
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prevleke so imele tudi odli¢no odpornost proti koroziji, ki se je postopoma izboljSevala s povecevanjem vsebnosti itrija.

Kljuc¢ne besede: zlitine z veliko entropijo; lasersko navarjanje; redko zemeljski elementi

1 INTRODUCTION

Yeh first introduced the concept of high-entropy al-
loys (HEAs).! HEAs are a novel type of alloy composed
of five or more metallic elements mixed in atomic ratios
of 5-35 % each. Due to their four core effects, HEAs ex-
hibit excellent comprehensive properties,? such as high
hardness, good corrosion resistance, and superior wear
resistance,’® making them highly promising for engi-
neering applications.

CoCrFeMnNi-based high-entropy alloys (HEASs),
also known as "Cantor" alloys,” have been a focal point
of research and have been repeatedly verified to possess
a single FCC structure.® CoCrFeMnNi-based HEA coat-
ings can maintain excellent strength and toughness even
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in harsh environments.” They can also serve as interme-
diate layers to reduce the cracking tendency between
hard HEA coatings and steel substrates.!® Recently, re-
searchers have focused on adding Ti to CoCrFeMnNi
HEAs. Studies have shown that adding a small amount
of Ti to the FCC-structured CoFeMnNi HEA results in
CoFeMnNiTiy s still retaining the FCC phase. However,
with the further addition of Ti, the Laves phase begins to
appear.'! Due to Ti’s larger atomic radius compared to
other elements (Co, Cr, Fe, Ni, and Mn), adding Ti is ex-
pected to increase the lattice distortion in the
CoCrFeNiMn matrix, thereby enhancing the solid-solu-
tion strengthening effect. Zhang et al.'> used laser clad-
ding to coat FeCoCrNiMnTi,(B4C), HEAs on Q355 steel
and found that FeCoCrNiMnTi, (x=0.5, 0.6, 0.8, 1.0)
HEA coatings had much higher hardness than the sub-
strate, with the optimal hardness at FeCoCrNiMnTigs.
This optimal hardness is attributed to the larger atomic
radius of Ti, promoting lattice distortion and enhancing
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the solid-solution-strengthening effect. Besides solid-so-
lution strengthening, the in-situ-formed TiN particles and
Laves phase can improve the coating’s hardness, making
it approximately three times that of the 304 stain-
less-steel substrate.'3 Considering the solid-solution be-
havior of Ti and to avoid excessive intermetallic com-
pound formation from too much Ti, the elemental ratio
for this experiment was determined to be
FeCoCrNiMnTiys.

Rare-earth elements (REEs) possess outstanding
physical properties that enhance material quality and
performance. Liang et al.'* investigated the effect of Y
content on ZK60 magnesium alloy, finding that Y addi-
tion suppressed crack formation, refined grain size, and
enhanced corrosion resistance. The best corrosion resis-
tance was observed at 1 w/% Y. Gong et al.!> demon-
strated that adding REEs to Q420 steel castings purified
the inclusions and improved the corrosion resistance. Re-
cent studies have shown that incorporating REEs into
multi-component alloys can enhance their performance
by altering their microstructure. Zhang et al.'¢ studied the
influence of Y content on the microstructure and me-
chanical properties of an as-cast CoCrFeNi alloy. They
observed a transition from a single FCC structure to an
HS, (CaCus-type) phase structure upon Y addition. With
increasing Y content, the Y, alloy exhibited a new HS,
phase (NisY-type), accompanied by a continuous in-
crease in alloy microhardness. Zhou et al.'” investigated
the impact of Y addition on the microstructure and me-
chanical properties of a CrFeNi, medium-entropy alloy,
revealing a transformation from a single FCC structure to
a dual-phase structure of FCC and HCP (YNis-type)
phases with increasing Y content. This dual-phase
strengthening promoted the hardness and compressive
yield strength of CrFeNi,Y. This study explores the influ-
ence of Y content on Ti-enhanced HEA performance.

The deposition of high-entropy alloy (HEA) coatings
on low-cost steel substrates holds importance for enhanc-
ing HEA applications and economizing the consumption
of expensive elements in HEAs such as Co, Cr, and Ni.
Currently, research on the laser cladding of HEA coat-

Table 1: Powder weight ratios (g)

ings containing REEs on common low-carbon steel sur-
faces is limited. In this study, a FeCoNiCrMnTipeYx
(x=0.5 w/%, 0.75 wl/%, 1 w/%, 1.25 w/%) high-entropy
alloy coating was laser clad onto the surface of c45 steel,
with Fe derived from the c45 steel itself. The
microstructure and corrosion resistance of the coatings
were investigated and analyzed.

2 EXPERIMENTAL PROCEDURE

High-purity non-spherical powders of Co, Cr, Ni,
Mn, Ti, and Y (purity > 99.5 w/%) with particle sizes
ranging from 50 um to 150 um were selected to prepare
coatings on the surface of c45 steel using laser cladding.
This study aims to investigate the effects of different Y
contents on the microstructure and properties of
FeCoNiCrMnTi0.6 high-entropy alloy (HEA) coatings
and their underlying mechanisms. Based on prior experi-
ments  with  the  stoichiometric  ratio  of
FeCoNiCrMnTi0.6, the required powder weight for dif-
ferent Y concentrations (0.5 w/%, 0.75 w/%, 1 w/%, and
1.25 w/%) was calculated. After accurately weighing
30 g of the powder mixture (as shown in Table 1), the
powders were mixed for 12 h in a V-shaped mixer to en-
sure uniformity. The metal powders were then evenly ap-
plied to the surface of the c45 steel (as shown in Table 2)
using the adhesive property of water glass (primarily
composed of Na,SiOs3), with a coating thickness of
1.5 mm above the steel surface. Laser cladding experi-
ments were conducted using a YLS-10000 laser process-
ing system under high-purity argon-gas protection. Spe-
cific process parameters are detailed in Table 3.

The phase structure of the materials was analyzed us-
ing Cu-Ka X-ray diffraction (XRD) with operating con-
ditions of 40 kV, 40 mA, and a scanning rate of 5°/min.
The microstructure of the samples was examined using a
JEOL-7800F scanning electron microscope (SEM). The
elemental distribution was characterized using en-
ergy-dispersive spectroscopy (EDS). The grains on the
surface of the coating were observed using a 3D ul-
tra-depth-of-field digital microscope (VHX-5000) and

Sample Co Cr Mn Ni Ti Y
x=0.5 13.981 12.256 12.949 13.833 6.771 0.3
x=0.75 13.956 12.225 12.917 13.799 6.754 0.45
x=1 13.821 12.194 12.884 13.764 6.737 0.6
x=1.25 13.786 12.13 12.851 13.729 6.72 0.75
Table 2: Chemical composition of c¢45 steel
Element Fe C Si Mn S P
Percentage Bal 0.42% — 0.50% | 0.17% — 0.37% | 0.50% — 0.80% =<0.035% <0.035%
Table 3: Laser Process Parameters
Laser power Scanning speed Spot diameter  |Out-of-focus amount Overlap rate Protective gas rate
0.9 kW 15 mm/s 1.5mm 35 mm 30% 15 L/min
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Figure 1: Cross section morphology of HEA coating:
a) FCCONiCrMnTi()AﬁYoj W% b) FeCoNiCrMnTi0A6Y0,75 wW/%
¢) FeCoNiCrMnTio Y| w/%; d) FeCoNiCrMnTig6Y 125 w/%

the grain size was calculated using ImagelJ software. The
microhardness of the coatings was measured using a
Vickers hardness tester (HXD-1000TMC/LCD) under a
load of 200 g for 10 s. The friction and wear of the coat-
ings were evaluated using a reciprocating wear tester
(HSR-2M) with an 8-mm stroke length, 20-min duration,
and a YG6 hard alloy counterpart. Electrochemical tests
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of the samples and c45 steel were conducted using a
Gamry Interface 1000E electrochemical workstation at
room temperature in a 3.5 w/% NaCl solution. Potentio-
dynamic polarization curves were recorded at a scan rate
of 0.5 mV/s over a potential range of 0.5 V to 1.8 V vs.
open-circuit potential. Electrochemical impedance spec-
troscopy (EIS) curves were analyzed using ZsimpWin
data-analysis software (AMETEK Scientific Instruments,
Inc., USA).

3 RESULTS AND DISCUSSION

(1) Cross-Section Morphology

Figure 1 shows the cross-sectional morphology of
the HEA coatings, demonstrating good metallurgical
bonding between the HEA and c45 steel substrate. The
coatings exhibit uniform thickness, with an average
thickness of approximately 0.6 mm.

Figure 2 displays the optical microstructure of the
HEA coatings. Both x=0.5 and x=0.75 samples exhibit
dendritic structures, while the x=1 sample predominantly
consists of fine equiaxed grains. The x=1.25 sample ex-
hibits a mixture of dendritic and cellular structures. As
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Figure 2: optical microstructure of HEA coatings: a) FeCoNiCrMnTip Y05 w/%, b) FeCoNiCrMnTig6Y0.75 w/%, ¢) FeCoNiCrMnTip6Y 1 w/%,

d) FeCoNiCrMnTig6Y1.25 w/%
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Figure 3: Grain distribution map of the HEA coatings

shown in Figure 3, an increase in Y content results in
smaller grain sizes, with the finest grains observed in the
x=1.25 sample, where the average grain size measures
9.37 um?. This phenomenon is attributed to the accumu-
lation of Y at the solid-liquid interface during solidifica-
tion, which enlarges the undercooling zone and acceler-
ates nucleation rates.!®

(2) Microstructure

Table 4: Element parameters

Element Atomic melting |Atomic ra-| Relative
number | point (°C) dius atomic mass
Y 39 1522 2.27 88.91
Fe 26 1539 1.72 55.85
Co 27 1493 1.67 58.93
Ni 28 1455 1.62 58.69
Cr 24 1863 1.85 52.00
Mn 25 1244 1.79 54.94
Ti 22 1668 1.44 47.87
[1:FCC &:laves
0 0
5 | I h 0
_‘% X=1.25 L A
E’ X1 * _l. J A
=
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Figure 4: XRD spectra of the HEA coatings
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Figure 4 shows the XRD patterns of the
FeCoCrNiMnTipsYx coatings. In all samples, both FCC
and Laves phases (mainly composed of YNis and Ti) are
observed. The presence of Laves phase, where Ti precip-
itates along with Y as a stabilizer of the hexagonal
close-packed (HCP) structure, ! is notable. It is important
to note that the peak intensity of the Laves phase is lower
than that of the FCC phase, indicating that the FCC
phase remains predominant.

Table 5: Mixing enthalpy of coating elements

Element Fe Co Ni Cr Mn Ti Y
Fe - -1 -2 -1 0 -17 | -1
Co - - 0 —4 -5 -28 | 22
Ni - - — -7 -8 -35 | =31
Cr - — — - 2 -7 11
Mn - - - - - -8 -1
Ti - - - - - - 15

Y _ _ _ _ _ _ _

From a thermodynamic perspective, the composition
of HEAs can be elucidated using the Miedema model,
which calculates the chemical mixing enthalpy of atomic
pairs in the coating,® as shown in Table 5. The mixing
entropy increases with the number of elements in the al-
loy, promoting the formation of solid solutions. Yang?!
proposed 2 to assess the formation capability of solid
solutions. The mixing enthalpy (AH,,;), mixing entropy
(AS,.), and atomic size difference (0) of HEAs can be
predicted using the following formulas:?>23

AS.. =-RY c Inc, (1)
_ n AB
AI—Imix - ) Z 4AHmix CiCj (2)
i,j=l,i#j

3)

In the equations, R denotes the gas constant (8.314
J/(K-mol)); c; represents the atomic fraction of the i ele-
ment. n denotes the number of elements; AH,,xAB repre-
sents the mixing enthalpy of the binary alloy (see Ta-
ble 5); r denotes the average atomic radius of the
elements. r; represents the atomic radius of the i element
(see Table 4).

Table 6:  Thermodynamic  parameters  calculated  for
FCCONiCrMnTi0'6Y|Wt%
sample ASmix AHmiy 0 K _
(J/mol K) | (J/mol K) (%) (kJ/mm™?)
X=0.5 14.86 -20.02 7.65 0.055
X=0.75 14.91 -20.15 7.74 0.055
X=1 14.97 -20.18 7.86 0.055
X=1.25 15.03 -20.24 7.96 0.055

Typically, solid-solution formation is more favorable
when 11<AS.ix<17.5 J/mol-K, -22<AH..ix<7 KJ/mol
and 0<6.6.2 As per the calculations based on Table 4

Materiali in tehnologije / Materials and technology 59 (2025) 5, 767-776
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Figure 5: SEM image of the HEA coating: a) FeCoNiCrMnTio.6Y0.5w/%, b) FeCoNiCrMnTip6Y0.75 wa%, ¢) FeCoNiCrMnTipeY 1 wia%, d)

FeCoNiCrMnTig6Y 125 w/%

and the aforementioned equations, the results presented
in Table 6 are within this specified range, indicating that
the alloy element design in this study facilitates solid-so-
lution formation.

During laser cladding, the high cooling rate of the
melt pool suppresses the formation of intermetallic com-
pounds when this rate exceeds the atomic diffusion rate
of these compounds within the superlattice, thereby pro-
moting the formation of solid solutions.?? Hence, the in-
fluence on the phase composition can be evaluated using
the laser-energy input parameter K, as shown in Table 6.

P

K=—-—
D-v

“

In the equation, P represents the laser power, D de-
notes the diameter of the laser beam spot, and v stands
for the scanning speed.

Studies have shown that higher K values lead to in-
creased dilution rates and deteriorate the coating perfor-
mance, resulting in reduced cooling rates of the molten
pool and a propensity for intermetallic compound forma-
tion.!" Therefore, the appropriate range for K should be
controlled between 0.04 and 0.14. In this study, a K
value of 0.055 indicates that laser cladding suppresses

Materiali in tehnologije / Materials and technology 59 (2025) 5, 767-776

the intermetallic-compound formation and promotes
solid-solution formation.

From a thermodynamic perspective, when the mixing
enthalpy is negative, the greater its absolute value, the
more likely intermetallic compounds are formed; con-
versely, segregation is more likely. Only when the mix-
ing enthalpy approaches zero does it tend to favor

I

FOuin

10um

Ti 10um

a

Figure 6: SEM surface scanning element distribution
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Table 7: EDS Point Scan Results of HEA Coating

Sample Point Fe Co Ni Cr Mn Ti Y C
X205 a 22.8 20.4 18.3 20.3 14.1 1.9 0.2 2.1
b 12.8 16.8 23.5 16.5 16.5 9.6 0.9 34

X=0.75 c 21.5 20.1 17.7 19.5 16.0 29 0.3 2.0
d 15.1 16.2 21.1 17.3 16.2 9.0 0.8 43

e 24.8 23.7 17.3 13.6 15.4 2.3 0.4 24

X=1 f 10.1 16.9 26.7 16.2 15.3 9.3 1.0 4.5
g 9.7 9.6 9.2 10.1 10.6 31.9 0.2 18.7

X=125 h 24.5 19.9 17.3 19.7 12.6 1.3 0.6 4.1
i 16.1 15.6 22.8 14.6 16.4 9.6 1.2 3.8

solid-solution formation.?! The absolute values of the
mixing enthalpy for Y and Ni are larger, making them
more prone to intermetallic compound formation.

SEM images of HEA with varying Y content are de-
picted in Figure 5 and Figure 6, while Table 7 presents
the EDS point scan results. Combined analysis of SEM
images and XRD reveals that the coating primarily con-
sists of two phases: a main phase in lighter areas and a
darker reticulated precipitate phase. Additionally, there
exists a minor amount of black precipitate phase, with
EDS results at point G indicating higher Ti and C con-
tent, confirming it as in-situ-formed TiC ceramic rein-
forcement phase, albeit not prominently detected in XRD
due to its low concentration. Regions with widespread
lighter areas such as zones a, c, e, and h exhibit uniform
distribution and content of Fe, Co, Cr, Ni, and Mn ele-
ments, consistent with the composition of the FCC phase
in FeCoCrNiMn-based HEAs.?* Therefore, these areas
are identified as the FCC solid solution of FeCoCrNiMn.
Conversely, point-scan results from regions b, d, f, and i
show higher proportions of Y and Ni, confirming the
presence of Y-Ni compounds at grain boundaries, identi-
fied as laves phase enriched in Y, Ni, and Ti, consistent
with XRD findings. Moreover, with increasing Y con-
tent, the Y content stabilizes in the FCC regions (light ar-
eas) of each sample, while Ni content decreases continu-
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Figure 7: Coating Microhardness
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ously, indicating increased segregation of Y and Ni ele-
ments at grain boundaries.

(3) Hardness and wear resistance

Figure 7 illustrates the microhardness of the HEA
coatings, showing an increase in average hardness with
increasing Y content. The hardness peaks at x=1.25 w/%
Y, reaching more than double that of the c45 steel sub-
strate. The addition of Y promotes grain refinement, in-
creasing the number of grain boundaries that hinder dis-
location movement and thereby enhancing coating
hardness through grain-boundary strengthening. More-
over, with increasing Y content, the proportion of HCP
phase increases. Compared to the FCC phase, the Laves
phase exhibits higher hardness, and its role in sec-
ond-phase strengthening contributes to the overall hard-
ness of the alloy coating.

Furthermore, due to the larger atomic radii of Y and
Ti compared to Fe, Co, Cr, Ni, and Mn, their solubility in
the matrix leads to lattice distortion, increasing the resis-
tance to dislocation motion and consequently enhancing
the coating’s hardness. Additionally, the formation of
small amounts of in-situ TiC contributes to grain refine-
ment and second-phase strengthening effects.?> Collec-
tively, these mechanisms—grain boundary strengthening,
second-phase strengthening, and solid solution strength-
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Figure 8: Friction coefficient curves of HEA coatings with c45 Steel

ening—result in a coating hardness exceeding that of c45
steel.

As shown in Figure 8, during the steady wear stage,
the average friction coefficients of the coatings and 45
steel were 0.81, 0.70, 0.57, 0.62, and 0.94, respectively.
With increasing Y content, the wear resistance initially
increased and then decreased, reaching its optimum at
x=1. This improvement in wear resistance is attributed to
grain refinement, which enhances the coating’s hardness

- 4 2 ‘)‘
-(‘a )\ Aghcsivc wear - *
' AN

Groove

>

/

and plasticity, increases grain-boundary density, and im-
pedes dislocation movement. Generally, harder materials
have lower friction coefficients and higher wear resis-
tance.”® Additionally, the formation of dendrites reduces
the coating’s strength and toughness, increasing brittle-
ness and thus reducing wear resistance. The superior
wear resistance of the x=1 sample is due to the predomi-
nance of equiaxed grains.?’

To determine the wear mechanisms of the coatings,
scanning electron microscopy (SEM) was used to ob-
serve the wear morphology, as shown in Figure 8. In (a),
the large spalling pits are related to reduced hardness and
decreased micro-cutting resistance, indicating that the
primary wear mechanism is adhesive wear. With increas-
ing Y content, the wear mechanism gradually shifts to
abrasive wear, as evidenced by the plowing grooves ob-
served in (b), (c), and (d). The hard particles within the
coating are the main cause of these plowing grooves, and
the occurrence of abrasive wear in the coating highlights
its superior wear resistance.

(4) Corrosion Performance

As shown in Figure 9, the potentiodynamic polariza-
tion curves of the FeCoNiCrMnTi0.6YX% coatings and
c45 steel in a 3.5 % NaCl solution are presented. From
the anodic polarization curves, it can be observed that all
the curves, except for that of c45 steel, exhibit a
passivation trend, indicating the occurrence of

Adhesive wear

Groove
4

/

/

Figure 9: Wear morphology of HEA coatings: a) x =0.5;b) x =0.75; c) x = 1; d) x = 1.25
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Figure 10: Potentiodynamic polarization curves of HEA coatings and
45 #steel

passivation. Figure 11 shows the equivalent circuit dia-
gram of the passivation phenomenon. When the Ti con-
tent in the coating is higher, a stable passive film is typi-
cally formed.?® The cathodic polarization curves
represent hydrogen-evolution processes,? and the similar
shapes of the cathodic polarization curves after Y addi-
tion suggest minimal influence of Y content on the cath-
odic current density. The corrosion potentials (Ecor), cor-
rosion current densities (icor), anodic Tafel slopes (B.),
and cathodic Tafel slopes (8.) extrapolated from the Tafel
lines are listed in Table 8. Compared to 45 steel, each
coating exhibits higher corrosion potentials and lower
corrosion current densities. The i. values of the coat-
ings are 9.25 %, 7.79 %, 4.67 %, and 2.55 % of that of
45 steel, respectively, with the corrosion resistance of the
coatings improving progressively with increasing Y con-
tent.

Table 8: Corrosion kinetic parameters of coatings and 45 steel
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Figure 11: EIS curves of HEA coating and c45 steel: a) Nyquist plot;
b) The relationship between impedance amplitude and phase angle of
c¢) bad plot and frequency; d) Rs (QaiRc)(QfRy) Corrosion Circuit Dia-
gram; (e)Electrochemical corrosion mechanism diagram of the coating

The EIS fitting results are presented in Table 9. Rct
denotes the charge-transfer resistance, and it is evident
that the R, values of all the coatings are higher than that
of 45 steel. Generally, higher R. values indicate better
corrosion resistance,* consistent with the polarization
curve results, suggesting that the addition of Y improves
the corrosion resistance of the coatings. Song et al.3! sug-
gested that the continuous phase along the grain bound-
aries can prevent corrosion from diffusing from one
grain to another. Pardo et al.3? and Shuai et al.** argued
that the presence of continuous networked precipitates
can inhibit corrosion. As shown in Figure 12, an SEM
analysis reveals the presence of a dense networked pre-
cipitate phase containing Y, Ni, and Ti in the coating.
The continuous network distribution of the precipitate
phase at the grain boundaries is more conducive to the

Sample | Econ(V) | icon(A-cm® B, (mV-dec™)|f(mV-dec™) stability and integrity of the corrosion product film. This
X=0.5 | -0.682 | 1.50605E-07 0.1795 ~0.15689 reduces the surface area of the active cathode and the oc-
X=0.75 | -0.327 | 1.44642E-07 0.2694 —0.1483 L . . .
currence of pitting, thereby slowing down the diffusion
X=1 —0.322 | 7.42951E-08 0.2132 —0.1492 te of th tal cati dd ino the tend f
X=1.25| -0.318 | 4.7819E-08 | 0.2087 | —0.1394 fa © 1‘,’ de meta’ca _1on1s] an I ecreasing the ften eﬁ?y_ or
c45steel| —0.306 | 1.36574E-08 0.0199 —0.1107 ocalized corrosion 1n t .e a oy: To some extent, this im-
proves the alloy’s corrosion resistance. Thus, Y elements
likely enhance the corrosion resistance of the coatings by
Table 9: EIS fitting parameters
Sample Rs(Q-cm™2) Qu R{(Q-cm™2) Qa Rea( Q-cm™?)
Ya n Ya n
X=0.5 158.2 4.772E-005 0.8 2.113E004 3.141E-005 0.7 2.459E004
X=0.75 154 3.385E-005 0.71 2.686E004 2.578E-005 0.92 2.685E004
X=1 158.8 2.622E-005 1 2.955E004 1.825E-005 0.76 3.391E004
X=1.25 158.4 1.041E-005 0.89 3102E004 1.109E-005 0.88 4.933E004
45steel 150.4 0.0003798 0.55 - - - 6253
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forming continuous network-like precipitates that hinder
corrosion diffusion.

4 CONCLUSION

In this study, a FeCoNiCrMnTipeYx (X = 0.5 w/%,
0.75 w/%, 1 wl/%, 1.25 w/%) high-entropy alloy coating
was deposited on the surface of 45 steel. The phase
structure, microstructure, hardness, and corrosion resis-
tance of the deposited coatings were investigated. The
following conclusions could be drawn:

(1) The coating exhibited good metallurgical bonding
with 45 steel. With increasing Y content, the grain size
of the coating continuously decreased, reaching a mini-
mum of 9.37 um?. The coatings featured an FCC matrix
phase accompanied by Laves phase precipitation.

(2) The hardness of the coatings significantly in-
creased due to grain refinement strengthening, sec-
ond-phase reinforcement, and solid solution strengthen-
ing effects, reaching up to twice that of the 45 steel
substrate. As grain size decreased, the wear resistance of
the coatings initially increased and then decreased, with
optimal performance observed at x=1. The predominant
wear mechanisms were abrasive wear and adhesive wear.

(3) Compared to 45 steel, the coatings exhibited ex-
cellent corrosion resistance, which improved progres-
sively with increasing Y content. This enhancement in
corrosion resistance could be attributed to the continuous
network-like precipitates formed by Y elements, which
effectively hindered the diffusion of corrosion products
and thereby promoted the corrosion resistance of the
coatings.
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