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Abstract: The effects of substrate temperature and deposition time on the morphology and corrosion resistance of FeCoCrNiMoy 3 coating fab-
ricated by magnetron sputtering were investigated by scanning electron microscopy and electrochemical tests. The FeCoCrNiMoy ; coating was
mainly composed of the face-centered cubic phase. High substrate temperature promoted the densification of the coating, and the pitting resist-
ance and protective ability of the coating in 3.5wt% NaCl solution was thus improved. When the deposition time was prolonged at 500°C, the
thickness of the coating remarkably increased. Meanwhile, the pitting resistance improved as the deposition time increased from 1 to 3 h;
however, further improvement could not be obtained for the coating sputtered for 5 h. Overall, the pitting resistance of the FeCoCrNiMoy 3

coating sputtered at 500°C for 3 h exceeds those of most of the reported high-entropy alloy coatings.

Keywords: high-entropy alloy coating; magnetron sputtering; microstructure; corrosion

1. Introduction

Surface coating is an effective method for enhancing the
corrosion resistance, wear resistance, and hardness of a metal
substrate subjected to a harsh environment [1]. The use of
surface coating has been known to improve the durability and
service life of structural components. Passive films of about
1-3 nm thickness forming on the surface of alloys for corro-
sion resistance play a key role in protecting metals from cor-
rosive media [2—4]. Similarly, surface coating technology
can be used to protect metal surfaces and is cost-effective.
Many types of binary or ternary corrosion-resistant coatings
have been developed, and they include metal carbide coat-
ings and metal nitrides or oxide coatings [5—10]. Magnetron
sputtering is a widely used deposition technique for fabrica-
tion of surface coating [11].

In the past few years, high-entropy alloys (HEAs) with a
simple structure and high chemical disorder have attracted
much attention due to their surprising and unanticipated com-
bination of properties [12—18]. These HEAs present enorm-
ous opportunities and challenges in the design of novel multi-
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principal coating with outstanding properties [19-21]. HEA
coating come in the form of wear-resistant coatings, e.g.,
Niy,CogsFey,CrSiy,AlTiy, [22] and FeNiCoAlCu [23]; oxid-
ation-resistant coatings, e.g., NiCog¢Fe(,Cr,sSiAlTiy, [24]
and Al-Cr-Nb—Si—Ti [25]; super-hard coatings, e.g.,
(TiVCrZrNbMoHfTaWAISi)N [26], (AICtTaTiZr)NC, [27],
and (AICNbSiTiV)N [28]; and coatings with excellent
thermal stability [23,29]. The fundamentals of corrosion res-
istance of HEA coating have been investigated. Ye et al. [30]
studied the microstructure and corrosion resistance of CrMn-
FeCoNi HEA coating. They also found that the pitting resist-
ance of the CrMnFeCoNi coating is lower than that of 304
stainless steel (SS) in 3.5wt% NaCl. Li et al. [31] deposited
FeAlCuCrCoMn HEA coating by direct current magnetron
sputtering. Although they obtained a smooth coating, the pit-
ting resistance of the coating is unsatisfactory in 3.5wt%
NaCl, and the passive current densities are high in acidic and
alkaline solutions. In another work [32], the thermal and cor-
rosion properties of V-Nb—Mo—Ta—W and V-Nb—Mo—
Ta—W-Cr—B refractory HEA coatings were studied.
V-Nb—Mo—Ta—W—Cr—B alloy exhibits excellent anticorro-
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sion performance, as well as good thermal stability, in
3.5wt% NaCl solution. Nanocrystalline AITiCrNbTa coating
prepared by magnetron sputtering exhibits excellent pitting
resistance with high corrosion potential and low passive cur-
rent density in 3.5wt% NaCl solution [33]. In general, com-
positional elements affect the corrosion resistance of coating.
HEA coating with excellent corrosion resistance can be de-
veloped through reasonable compositional design. Moreover,
the corrosion resistance of coating strongly depends on its
compactness and thickness. According to the literatures
[34—37], substrate temperature exerts a significant effect on
the microstructure and densification of HEA coating due to
the thermal migration of surface adatoms. Meanwhile, de-
position time can directly determine the thickness of coating
[38—39]. However, the studies related to the effects of depos-
ition parameters on corrosion resistance are limited, thereby
restricting the development of anticorrosion HEA coating.
The addition of corrosion-resistant elements, such as Cr,
Ni, and Mo, is generally known to improve the corrosion res-
istance of metals [4,40—44]. In our previous studies and re-
lated reports, we found that bulk FeCoCrNiMo, HEA alloys
possess excellent pitting corrosion resistance and passivation
performance in NaCl and H,SO, solutions [45—46]. There-
fore, we chose to study the effects of substrate temperature
and deposition time on the microstructure and corrosion res-
istance of FeCoCrNiMo,; coating prepared by magnetron
sputtering on a 304 SS substrate using scanning electron mi-
croscopy (SEM) and electrochemical tests. The results

should pave the way for the development of anticorrosion
HEA coating.

2. Experimental
2.1. Sample preparation

A commercially available 304 SS slab (10 mm x 10 mm x
3 mm) was used as the substrate. FeCoCrNiMo,,; coating,
which shows lower corrosion resistance than FeCoCrNiMo, 5
coating, was also prepared. Herein, the morphology and cor-
rosion resistance of the FeCoCrNiMo,; coating were invest-
igated. Mo content was controlled by preparing an equiatom-
ic FeCoCrNi alloy in a maglev furnace with high-purity raw
materials; pure Mo with diameters of 50.8 and 76.2 mm were
used as targets. Radio frequency (RF) and direct current (DC)
reactive magnetron sputtering systems were applied to the
FeCoCrNi and Mo targets, respectively. Prior to the test, the
304 SS substrates were ground sequentially with SiC papers
with 400-2000 grit, polished with 1 um diamond polishing
paste, and then cleaned using alcohol and dried in cold air.
The targets were bombarded for 3 min to remove the oxides
before sputtering. High-purity Ar gas was filled into a vacu-
um chamber at 10 Pa, and the working pressure was main-
tained at 1 Pa. During the deposition process, most of the Mo
target was sheltered by a Q235 plate, and the area of a 10°
fraction was exposed after repeated experiments to obtain the
FeCoCrNiMoy; coating. The deposition parameters are lis-
ted in Table 1.

Table 1. Deposition parameters of FeCoCrNiMo, ; coating

Substrate De.posmon Distance /  Working pressure / Bias/V Exposure angle of DC power /W RF power / W
temperature / °C time / h mm Pa Mo target / (°)
200 1 50 1 —400 10 25 180
300 1 50 1 —400 10 25 180
500 1 50 1 —400 10 25 180
500 3 50 1 —400 10 25 180
500 5 50 1 —400 10 25 180

2.2. Morphology and phase

The thickness and chemical compositions of the coatings
were characterized with a Quanta 250 scanning electron mi-
croscope combined with an energy-dispersive X-ray spectro-
scopy (EDS) analysis device. The plane-view morphology of
the coatings was observed using a Zeiss SupraS5 scanning
electron microscope. The phase composition was character-
ized by X-ray diffraction (XRD) (Rigaku, D/max-RB 12 kW)
with Cu K, radiation. The diffraction angles (26) varied
between 30° and 100° with a step size of 0.02°. The data
were analyzed using Jade 5.0 software.

2.3. Electrochemical tests

The electrochemical tests were carried out using the typic-

al three-electrode system with a Pt sheet, saturated calomel
electrode, and specimens acting as the auxiliary electrode,
reference electrode, and working electrode, respectively. All
electrochemical tests were performed on a VersaSTAT 3F
workstation. The backside of the specimen without the coat-
ing was welded with a wire, and the non-test region was
sealed with silicone rubber, thus leaving the area of 10 mm x
10 mm exposed to the solution of 3.5wt% NaCl at pH 6.6.
The open-circuit potential (OCP) was recorded for 3600 s to
yield a stable state. The dynamic potential polarization curves
were measured at a scan rate of 0.5 mV/s from —0.25 V vs.
OCP to the final potential corresponding to the current dens-
ity of 1 mA/cm® The electrochemical impedance spectro-
scopy (EIS) measurements were carried out at a sinusoidal
wave voltage of 10 mV and a frequency range of 100 kHz to
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10 mHz. The data were fitted using the ZSimpWin software.

3. Results and discussion

3.1. Effect of substrate temperature on the thickness and
morphology of the coating

The crystal structures of the FeCoCrNiMo,; coatings
sputtered at different substrate temperatures were confirmed
by the XRD patterns (Fig. 1). The main face-centered cubic
(fcc) phase was observed and found to have contributed to
the high mixing entropy. Considerably few precipitates writ-
ten as CrFe,;MoNi were present in the coatings, and they
were confirmed to be (Cr,Mo)-rich ¢ phases [47—48]. Sharp
diffraction peaks without preferred orientations were also
noted in all the patterns, and they indicated the high crys-
tallinity of the coatings.

3000 1 1—Ni—Cr—Co—Mo 500°C

4000 1 2—CrFe, ,MoNi

1

=B
.

2500 ¢
2000
1500 ¢
1000 W

500 - -
2000 200°C

1500 |
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20/ (°)

Fig. 1. XRD patterns of FeCoCrNiMo,; coatings sputtered at
200, 300, and 500°C for 1 h.

1000 :
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3000

Intensity / counts

The cross-sectional and plane-view images of the Fe-
CoCrNiMoy; coatings sputtered at 200, 300, and 500°C are
shown in Fig. 2. The compositions of the coatings were
measured by EDS, and the results are listed in Table 2. As
listed in Table 2, the compositions of the coatings sputtered at
the three temperatures were all close to the expected ones,
thereby indicating that the Fe, Co, Cr, and Ni elements had
almost the same sputtering rates under the described depos-
ition parameters [38,49—50]. As observed from Figs. 2(a),
2(c), and 2(e), the thicknesses of the coatings were (884 +
25), (836 £ 47), and (878 £ 22) nm, respectively. The results
demonstrated that the substrate temperature exerted no not-
able effect on the thickness of the coatings.

Figs. 2(b), 2(d), and 2(f) present the morphologies of the
coatings sputtered at 200, 300, and 500°C. Numerous small

Int. J. Miner. Metall. Mater., Vol. 27, No. 10, Oct. 2020

and equiaxed particles could be seen agglomerated into the
islands, which were distributed uniformly on the surface. The
size of the islands was reduced greatly, and dense surfaces
were observed at 500°C [8,36]. This result could be attrib-
uted to the fact that the high kinetic energies of deposited
atoms result in a decrease in surface energies at high temper-
atures and an increase in nucleation or renucleation rates
[36,51]; moreover, high temperature promote the diffusion
rates of atoms and their migration [51], thereby leading to the
formation of dense coating with few microdefects. The dens-
ification of coating influences their corrosion resistance,
which can be confirmed by electrochemical tests.

3.2. Effect of substrate temperature on the corrosion res-
istance of the coating

The corrosion resistance of the coatings sputtered at dif-
ferent temperatures was evaluated by dynamic potential po-
larization measured in 3.5wt% NaCl solution with 304 SS
substrate as a reference. As shown in Fig. 3, all coatings ex-
hibited a typical passive behavior. The tendency of pitting
and the rate of dissolution of the coating can be depicted by
the values of the pitting potential (E,,), corrosion potential
(Eeon), and corrosion current density (). All values were
obtained by Tafel fitting as listed in Table 3. £, increased
with an increase in the substrate temperature, and i, de-
creased; notably, E; of the coating sputtered at 500°C in
NaCl solution was much higher than those of the coatings
sputtered at lower temperatures and 304 SS. These results re-
vealed that the stability and pitting resistance of these coat-
ings can be improved by raising the substrate temperature.

The protective abilities of the FeCoCrNiMo,; coatings
sputtered at different substrate temperatures were further
characterized by EIS. Figs. 4(a) and 4(b) respectively show
the Nyquist and Bode plots of the coatings and 304 SS in the
testing solution. The Nyquist plots of the coatings sputtered
at 300 and 500°C present a single capacitive semicircle with
large diameters, indicating high corrosion resistance in the
NaCl solution. By contrast, the Nyquist plot of the coating
sputtered at 200°C presents a depressed circle. Hence, the
protective ability of the coating sputtered at 200°C was con-
sidered to be poorer than that of the coatings sputtered at 300
and 500°C. Combined with the fitting results, the EIS spec-
trum of the coating sputtered at 200°C could be well fitted by
the electrical equivalent circuit (EEC) with two time con-
stants, as illustrated in Fig. 4(c). According to previous re-
ports [52—56], two time constants originate in rough coating
with microdefects, thus leading to the direct contact between
electrolytes and metal substrates during immersion. Thus, the
response is caused by the reaction occurring at the electro-
lyte/metal substrate interface. The EIS spectra of the coat-
ings sputtered at 300 and 500°C could be well fitted by the
EEC with one time constant, as illustrated in Fig. 4(d). Ac-
cordingly, the coatings sputtered at 300 and 500°C were
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Fig. 2. (a, ¢, e) Cross-sectional and (b, d, f) plane-view images of FeCoCrNiMo,; coatings sputtered at different substrate temperat-

ures for 1 h: (a, b) 200°C; (c, d) 300°C; (e, f) 500°C.

Table 2. Thicknesses and chemical compositions of FeCoCrNiMo, ; coatings sputtered at different substrate temperatures for 1 h

Content / at%

Substrate Temperature / °C Thickness / nm -
Co Cr Ni Mo
200 884 £ 25 25.22 23.00 23.10 21.46 7.22
300 836 +47 23.55 23.52 23.35 21.71 7.87
500 878 £22 23.42 23.17 23.44 21.84 8.13
L2F g 200°C compact and free of defects. Thus, the semicircle is merely
| —e-—300°C dominated by a double electrical layer at the solution/coating
0.9 [~ + 5000C

—v—304 SS
0.6

0.3

E/V vs. SCE

0

-0.3

_0.6 1 1 1 1 1 1 1
-0 9 -8 -7 -6 -5 -4 -3 =2
Ig [li / (A-em™)]
Fig.3. Dynamic potential polarization curves of FeCoCrN-
iMo,; coatings sputtered at different substrate temperatures
and 304 SS in 3.5wt% NaCl solution.

interface. The EIS spectra further proved that the high sub-
strate temperature improved the quality of the coating.

In both EECs, R is the resistance of the solution. In Fig.
4(c), O. and R, represent the capacitance of the coating and
the resistance of the electrolyte in the defects, respectively;
Qg and R represent the capacitance and charge transfer res-
istance of the double electrical layer at the electrolyte/metal
substrate interface, respectively. The protective properties of
the coating depend on the value of R, + Ry In Fig. 4(d), Oup
and R, represent the capacitance of the double electrical layer
at the solution/coating interface and the polarization resist-
ance contributed by the double electrical layer and coating,
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Table 3. Tafel fitting results and pitting potentials obtained from Fig. 3
Specimen  Corrosion potential, E,; / V vs. SCE  Corrosion current density, icor / (LA -cm™) Pitting potential, E / V vs. SCE
304 SS —0.1434 0.270 0.3073
200°C -0.1531 0.084 0.2018
300°C -0.1052 0.062 0.1926
500°C -0.0534 0.060 0.8962
200°C 0
. 10.00 mH: m200°C = 200°
160 @ < A 300°C A 300°C | 5
< 500°C <« 500°C
~120F 25.12mHz 4 304SS & 304 SS_ 4=
£ — Fitting —— Fitting ”g
€ sof 38
N 25.12mHz 14 o mpy N
¥ L
40 =
o |
0r 100.00 mHz

0 40 80 120 160
Z../ (kQ-cm?)

Fig. 4. EIS spectra of

HEA coating

fter immersing in 3.5wt% NaCl solution for

3600 s and the EECs: (a) Nyquist plots of the coatings and 304 SS; (b) Bode plots of the coatings and 304 SS; (c) EEC for fitting the
EIS results of the coating sputtered at 200°C; (d) EEC for fitting the EIS results of the coatings sputtered at 300 and 500°C and that

of 304 SS. Solid lines refer to the fitting curves.

respectively. The value of R, denotes the protective ability of
the coating. The constant phase angle element (CPE, Q) is
used to model the capacitance due to the dispersion effect,
which is caused by the surface heterogeneity or roughness of
the electrode interface [57—59]. Its impedance (Z) was calcu-
lated using the following equation:
1

‘ Yy (jw)" M
where Y, is the CPE constant, 7 (0 <7 < 1) is the exponent of
the CPE, w is the angular frequency, and j is the imaginary
unit.

In this work, the fitting values of the spectra of the coat-
ings sputtered at 200°C and 300 and 500°C are listed in
Tables 4 and 5, respectively. As observed from Tables 4 and
5, the resistances of the coatings increased with an increase in
the substrate temperature; moreover, the resistance values of
all the coatings, i.e., Ry + R for the coating sputtered at
200°C and R, for the coatings sputtered at 300 and 500°C,
were one order higher than R, value of the 304 SS substrate.
The results revealed that the protective ability and pitting res-
istance of the coating could be improved by raising the sub-
strate temperature, accordant with the results revealed by po-
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Table 4. Fitting values of the elements in the electrical equivalent circuit in Fig. 4(c)

Oc Oan
i R,/ (Q-cm? R /(Q-cm? Ry/ (Q-cm?
Coating ( ) Yo/ (Q"~cm’2-s") B 1 /( ) Yo/ (Q’l-cm’2~s”) B i/ ( )
200°C 9.527 2.08 x 107 0.918 1.133 x 10° 1.635x10° 0.462 1.923 x 10°
Table 5. Fitting values of the elements in the electrical equivalent circuit in Fig. 4(d)
Coating R,/ (Q-cm?) Qo R,/ (Q-em?)
Yo/ (Q'-ecm™-s") n

300°C 7.836 5.093x10° 0.876 4.801 x 10°

500°C 6.293 6.922 x 107 0.916 6.238 x 10°

304 SS 5.107 6.289 x 10°° 0.920 7.836 x 10*

larization curves. Moreover, the results further confirmed that
high substrate temperature promotes densification of the
coating. The FeCoCrNiMo,; coating clearly showed an ef-
fective protective ability on the 304 SS substrate.

3.3. Effect of deposition time on the thickness and mor-
phology of the coating

On the basis of the aforementioned results, 500°C was se-

1 um
(0
g 1 um

1.5
(e) Cr Element  wt% at%
Mo 12.84 7.96

WA Fe
2z Cr 20.56  23.52
g Co o
2 e 22.02 2345
= 09 Ni Co 2302 2323
Z Ni 21.55 21.84
205 N
2] o
§ Co
N WJ UU \JL,

0 2 4 6 8 10 12 14
Energy / keV

lected as the substrate temperature, and the effect of sputter-
ing time (1, 3, and 5 h) on the morphology and corrosion res-
istance of the coating was investigated. The coatings
sputtered for 3 and 5 h still showed the fcc phase (XRD res-
ults are not shown here). Fig. 5 shows the cross-sectional and
plane-view SEM images of the FeCoCrNiMoy; coatings
sputtered at 500°C for 3 and 5 h. The corresponding EDS res-
ults are shown in Figs. 5(e) and 5(f). The chemical composi-

200 nm

Element  wt% at%
Mo 11.99 7.40
Cr 21.28 2423

Co Fe 22.81 24.18

1.0 Ni Co 2249  22.59

Ni 21.42 21.60
03F Co
J

0 2 4 6 8 10 12 14
Energy / keV

) Cr

Intensity / (10° counts)

Fig. 5. (a, ¢) Cross-sectional and (b, d) plane-view SEM images of FeCoCrNiMo,; coatings sputtered at S00°C for different times
and (e, f) the corresponding EDS results of the coatings: (a, b, €) 3 h; (¢, d, f) 5 h.
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tions of the coatings were approximately the same as those of
FeCoCrNiMoy . The thicknesses of the coatings were (1792 +
12) and (2996 + 27) nm, which significantly increased with
an increase in sputtering time [60—61].

As shown in Figs. 2(f), 5(b), and 5(d), the island-shaped
structure remained on the film surface; moreover, the size of
the islands became significantly large as the deposition time
increased. An undulating microstructure was also observed
and was attributed to the structural zone model [62—63]. The
growth of thin films deposited on amorphous or polycrystal-
line substrates by magnetron sputtering generally follows the
Volmer—Weber growth [62]. With an increase in sputtering
time, the island coalescence exacerbates. The islands with
low energy would merge with others by surface atom diffu-
sion and grain boundary (GB) migration to minimize the sur-
face and interface energy during sputtering, thus resulting in
the coarsening of the islands. The temperature would rise as
the sputtering time increases further due to continuous bom-
barding, which in turn accelerates the adatom surface diffu-
sion. GB migration can even take place throughout the film
thickening process, as well as during coalescence. Grain
coarsening is repeated until the grain size becomes suffi-
ciently large; consequently, the grain boundaries are immob-
ile and the coating with a continuous structure is formed
[62—-63]. The microstructural evolution controlled by growth
processes shows that surface roughness and porosity should
gradually decrease with an increase in sputtering time be-
cause of sufficient surface diffusion and GB migration [62].
A similar conclusion was obtained in a previous study [38].

3.4. Polarization curves of the coatings sputtered at dif-
ferent times

The corrosion resistance of the FeCoCrNiMo,; coatings
sputtered for different times in 3.5wt% NaCl solution was
evaluated by the polarization curves, as shown in Fig. 6. The
polarization behaviors of the coatings were similar and ex-
hibited a wide passive region, which indicated excellent pit-
ting resistance. The transpassive dissolution of the coatings
occurred at about 1 V vs. SCE, and oxygen evolution oc-
curred above 1.08 mV vs. SCE, according to the E.—pH dia-
gram [64—65] (E.: equilibrium potential). E,, and i, were
obtained by Tafel fitting, as listed in Table 6. The i, value of
the coating sputtered for 1 h was slightly high, indicating a
high corrosion rate at OCP. Meanwhile, the dissolution rate
of the coating sputtered for 1 h was much higher than that of
the coatings sputtered for 3 and 5 h in the condition with ex-
ternal potential. The result demonstrated that the pitting res-
istance and stability of the coating improved by increasing
the sputtering time from 1 to 3 h. The result was attributed to
the increased thickness and decreased roughness and poros-
ity, as described in Section 3.3. As the sputtering time in-
creased to 5 h, no significant change was observed in the cur-
rent density relative to that at 3 h. The surface roughness and
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porosity of the coating sputtered for 5 h did not improve fur-
ther due to the islands that were fully coalesced after sputter-
ing for 3 h. Therefore, one can conclude that the coatings
with optimal thickness and microstructure can completely
resist a Cl attack after sputtering for 3 h at 500°C.

12 -= 1h
—— 3h
09T o sh
8
S 06
g
> 03r
)
0 -
-03r
-0 9 -8 -7 -6 -5 —4 -3 -2
lg [lil / (A-em™)]
Fig.6. Dynamic potential polarization curves of the Fe-

CoCrNiMoy; coatings sputtered for different times in 3.5wt%
NaCl solution.

Table 6. Fitting results of polarization curves shown in Fig. 6

Sputtering time / h Econ/ V vs. SCE fcorr / (WA-cm )
1 -0.0534 0.060
3 -0.0797 0.043
5 -0.0971 0.052

3.5. Comparison of pitting resistances of HEA coatings
and bulk HEA alloys

Fig. 7 shows the comparison of the pitting resistances of
the FeCoCrNiMo,; coating in the study and other reported
HEA coatings and bulk alloys in 3.5wt% NaCl solution. The
pitting potential (£,;) and passive current density (i) were
used to evaluate the pitting resistance of the coatings and al-
loys. Fig. 7 shows the AICrMoNbZr/(AICtMoNbZr)N mul-
tilayer coating [66], CrMnFeCoNi coating [30], VNbMoTa-
WCrB coating [32], and AICoCrFeNiTi,, coating [67]. Oth-
er previously reported coatings [68—69] are active or have
high i, values in NaCl solution. Bulk HEA alloys include
AlLCoCrFeNi (x = 0.3, 0.5, 0.7) [70], FeCoCrNiCu, (x =
0, 0.5, 1) [71], CopsCrCuFeMnNi [72], CoCrFeNiWo,sMoy s
[68], Co, sCrFeNi, sTigsMoy, [73], NissFenCrMny; .5 0p1-0.5¢
(x = 6, 14, 22) (Cr6, Crl4, Cr22) [74], ultrafine-grained
(UFG) CoNiFeCrMn [75], and NisCry FeyRu;sMogW, al-
loys [76]. The pitting resistance of the FeCoCrNiMoy; coat-
ing with high pitting potential was better than that of most
HEA coatings and bulk alloys. The elemental compositions
of the coating and the investigation about deposition para-
meters can provide valuable references for the development
and preparation of anticorrosion HEA coating. Furthermore,
bonding strength and wear resistance should be character-
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Fig. 7. Comparison of pitting resistance of the

FeCoCrNiMo,; coating in this work and those of other repor-
ted HEA coatings and bulk HEA alloys in 3.5wt% NaCl solu-
tion.

ized to develop the coating that is applicable to harsh envir-
onments.

4. Conclusion

The effects of substrate temperature and sputtering time
on the morphologies and corrosion resistance of the coating
fabricated by magnetron sputtering were analyzed. A dense
coating with remarkably improved pitting resistance and pro-
tective property was obtained at a high substrate temperature
of 500°C. The thickness of the coating was significantly in-
creased by prolonging the sputtering time. The pitting resist-
ance of the coating sputtered at 500°C for 3 h was better than
that sputtered at 1 h. However, it showed no further improve-
ment as the deposition time increased to 5 h. In sum, the
FeCoCrNiMo,; coating sputtered at 500°C exhibited better
pitting resistance among the other reported HEA coatings.
The result can provide valuable reference for designing and
fabricating corrosion-resistant HEA coating subjected to ag-
gressive surroundings.
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