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CoCrNi medium entropy alloy (MEA) coatings were prepared by high velocity oxy-fuel (HVOF) spraying. The 

microstructures, wear resistance in a wide temperature range, corrosion resistance in NaCl and NaOH solutions of the 

MEA coatings were systematically studied by SEM, XRD, friction experiment, and electrochemical corrosion test. The 

microstructure of HVOF coatings was uniform with FCC single-phase solid solution. As the friction temperature 

increased from room temperature to 200 ℃, 400 ℃, and 600 ℃, the friction coefficients, wear track depth and width, 

and wear volume loss of the coatings gradually decreased. And these parameters of CoCrNi coating at 600 ℃ are about 

0.50 ± 0.1, (140 ± 8) μm, (2.10 ± 0.1) mm, (0.0234 ± 0.0001) g, respectively. Abrasive wear, fatigue wear and plastic 

deformation were the main wear mechanisms of CoCrNi coatings during the wear test at room temperature. And 

oxidation wear became the main wear mechanism of CoCrNi coating during the wear test at 400 ℃ and 600 ℃. Ecorr and 

Icorr of the CoCrNi coatings in NaCl solution were approximately (-0.217 ± 0.01) mV and (0.26 ± 0.08) μA/cm2, 

respectively. Ecorr and Icorr of CoCrNi coatings in NaOH solution were approximately (-0.282 ± 0.02) and 

(0.04 ± 0.01) μA/cm2, respectively. And the corrosion resistance of CoCrNi coatings were more superior than 45 carbon 

steel. 
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1. INTRODUCTION 

Traditional alloy designers believed that many 

unfavorable phases appeared in an alloy as it changed 

from single component to multiple ones. Then the 

performance of the alloy would be weakened. Yeh broke 

the shackles of conventional alloys in the 1990s and he 

proposed a new design idea of high entropy alloys (HEAs) 

for the first time [1, 2]. HEAs, a new alloy system 

consisting of 5 – 35 % of each component, were developed 

by Yeh et al. [3]. Since then, HEAs have attracted wide 

attention due to their high wear and corrosion resistance, 

excellent machinability, and outstanding thermal 

resistance [4 – 8]. Recently, investigations of HEAs have 

been extended to medium entropy alloys (MEAs) [9 – 10], 

which are equal-atomic alloys composed of two to four 

main elements. Due to superior mechanical properties [11] 

and excellent corrosion resistance [12], CoCrNi, as a 

representative MEAs has been widely used in extreme 

environments. After a series of multi-component 

isoatomic solid solution alloys with FCC structure being 

investigated, Wu et al. [13] found that CoCrNi ternary 

alloy with a Vickers hardness of 550 HV (equivalent to 

about 5.4 GPa) was the hardest of all. Gludovatz et al. [14] 

pointed out that isoatomic MEAs, as one of FCC solid 

solutions, showed superior strength-toughness properties 

than most multiphase alloys. Rodriguez et al. [15] found 

that the corrosion resistance of CoCrFeMnNi HEA group 

in CO2-containing acidic sodium chloride solution was 
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enhanced by the presence of Cr. The corrosion behaviors 

of CoCrFeMnNi HEA coating and SS304L in 0.1 M 

H2SO4 solution were compared by Luo et al. [16]. And 

they revealed that the poor corrosion resistance of 

CoCrFeMnNi coating was related to the low Cr content 

and formation of a large amount of metal hydroxides in 

the passivation film. Both CoCrNi MEAs and 

CoCrFeMnNi HEAs have the same lattice structure and 

similar mechanical properties. Then it is worth to 

investigate the corrosion behavior of isoatomic CoCrNi 

MEAs. CoCrNi MEA coatings have been prepared by 

magnetron sputtering [17 – 19], laser cladding [20 – 21] 

and plasma cladding [22]. Since metal powders can be 

heated up and accelerated in high temperature and high 

speed flame flow, thermal spraying has been proven to be 

an effective method to prepare protective coatings with 

superior wear resistance, corrosion resistance, heat 

resistance, and oxidation resistance on metal surfaces. As 

a type of thermal spray technology, HVOF has lower 

combustion oxygen content and therefore lower 

temperature, which is essential to reduce decomposition or 

excessive oxidation during spraying. Then HVOF is 

suitable for preparation coatings which are easily 

oxidized, such as CoCrNi MEAs coatings. 

However, only a few researches [23 – 25] of CoCrNi 

MEA coatings prepared by HVOF have been reported 

until today. Furthermore, tribological behaviors (in a wide 

temperature range) and electrochemical corrosion 

properties (in various corrosive solutions) of CoCrNi 

MEA coatings have not been systematically investigated 

yet. As a result, CoCrNi MEA coatings were prepared on 

45 carbon steel by HVOF here. The tribological properties 



 

 

of CoCrNi MEA coatings were investigated in a wide 

temperature range. The electrochemical corrosion 

resistances of CoCrNi coatings were evaluated in NaCl 

and NaOH solutions, respectively. 

2. EXPERIMENTAL PROCESS 

2.1. HVOF spraying 

Before spraying, the matrix surfaces were cleaned by 

acetone, and then sandblasted with 120 # (0.125 mm) 

brown corundum sand under 0.2 MPa pressure. Spherical 

particles with uniform microstructure and component can 

be found in CoCrNi MEA feedstock (see Fig. 1), which 

were prepared by gas atomization. 

200 μm
  

a b 

 
c 

Fig. 1. SEM images and EDS map distribution of CoCrNi MEA 

feedstock: a – panorama; b – high magnification image; 

c – Ni element distribution of a single powder 

The particle size of CoCrNi MEA powders was 

distributed from 10 μm to 80 μm. And the average particle 

size was 40 μm. CoCrNi MEA coatings were prepared on 

45 carbon steel by a HVOF spraying system (Praxair, 

JP8000, USA), which used aviation kerosene, oxygen, and 

nitrogen as fuel, combustion improver, and carrier gas, 

respectively. And spraying parameters including kerosene 

flow rate, oxygen flow rate, carrier gas flow rate and 

powder feeding rate were 10 L·h-1, 35 m3·h-1 , 300 L·h-1, 

and 10 r·min-1, respectively. 

2.2. Friction and wear test 

The tribological experiments of CoCrNi MEA coating 

at a wide temperature range were carried out on a GF-I 

high temperature friction and wear tester. The friction 

load, rotation speed and wear time was 60 N, 600 r·min-1, 

and 30 min, respectively. The reciprocating length of 

Si3N4 grinding balls with diameter of 6 mm was 5 mm 

here. The friction temperatures of this work were room 

temperature, 200, 400, and 600 ℃, respectively. The 

friction coefficient is recorded by a computer. The MT-

500 probe-type material surface wear mark measuring 

instrument was used to analyze the cross-sectional 

morphology of wear scars and calculate the wear volume 

loss. The running length of the probe was 5 mm [26]. 

2.3. Electrochemical corrosion test 

The electrochemical corrosion behaviors of the 

CoCrNi MEA coatings and 45 carbon steel at room 

temperature were investigated by the polarization method 

in 3.5 mass % NaCl solution and 0.1 M NaOH solution 

using an electrochemical workstation (CHI660E, Shanghai 

Chenhua Instrument Co., Ltd., China). The specimens 

were polished to a mirror surface, and sealed which epoxy 

resin to expose an area of 1 cm × 1 cm for the corrosion 

test. During the corrosion test, a conventional three-

electrode cell was used, with a coating sample, saturated 

calomel electrode (SCE), and platinum foil as working, 

reference, and auxiliary electrode, respectively. The 

potential was scanned at a sweep rate of 1 mV/s from -700 

to 1500 mV relative to open-circuit potential (OCP). The 

electrochemical test was repeated three times to ensure the 

accuracy of the data. 

2.4. Microstructure and phase composition 

analysis 

The morphology of initial feedstock, HVOF coating, 

wear debris, worn surfaces of HVOF coating and Si3N4 

grinding ball, electrochemical corrosion surfaces of HVOF 

coating, and 45 carbon steel were tested by using a 

scanning electron microscope (Tescan Mira4, Tescan 

Orsay Holding, Czech Republic). The element distribution 

was analyzed by an energy-dispersive spectrometer 

(AztecLiveOneX plore 30, Oxford, UK). The phase 

composition of MEA powder and HVOF coating was 

analyzed by x-ray diffractometer (Bruker D8 Advance, 

Bruker, Germany) with CuK wavelength of 1.54056 A˚, 

and the voltage, current, scanning rate and step size were 

40 kV, 40 mA, 2 /min, and 0.02, respectively. The 

scanning range was from 0 to 100. The particle size of 

CoCrNi powder was measured by the LA-950 laser 

particle size analyzer. 

3. RESULTS AND DISCUSSION 

3.1. Morphology and phase analysis of HVOF 

coating 

Cross-section images of HVOF CoCrNi coatings are 

shown in Fig. 2. The thickness of the CoCrNi coating is 

about (994 ± 10) μm as shown in Fig. 2 a. Deposition of 

CoCrNi powders mainly relied on high kinetic energy 

collision during HVOF spraying. And then CoCrNi 

coatings displayed a granular structure (see Fig. 2 b and c) 

for initial powders that were not completely melted and 

spread into layered structures during HVOF spraying. In 

addition, there are a few micropores that can be found in 

the HVOF coating as shown in Fig. 2 b and c. Dark 

particles, which were caused by the insertion of Al2O3 

powders into the surface of matrix during sandblasting, 

can be observed in the bonding interface (see Fig. 2 c). 

The EDS results of the cross-section of CoCrNi 

coating are shown in Fig. 3. It can be observed that the Co 

element is evenly distributed in the HVOF coating (see 

Fig. 3 b). EDS maps of Cr and Ni elements are not 

provided here for simplification. O element can be found 

at the interface of innerlayers of CoCrNi coating as shown 

in local magnification areas (see Fig. 3 d and f). 



 

 

  

a b 

 

c 

Fig. 2. SEM images of CoCrNi MEA coatings: a – panorama;  

b – local magnification image of inner coatings; c – local 

magnification image of interface region 
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Fig. 3. SEM image of EDS maps selected area and element map 

distributions of HVOF coatings: a – low magnification 

image of selected area; b – Co element map distribution; 

c – O element map distribution; d – high magnification 

image of interface area of innerlayers; e – Co element 

map distribution; f – O element map distribution 

Results of EDS maps of CoCrNi powder and HVOF 

coating are shown in Table 1. CoCrNi MEA feedstock 

prepared by gas atomization was a kind of oxygen free 

material. Due to slight oxidation of powder surfaces 

during spraying, oxygen contents in the panorama and 

innerlayer interface area of HVOF coatings increased up 

to 3.95 at.% and 5.61 at.%, respectively. 

Table 1. EDS map results of CoCrNi powder and HVOF coating 

The XRD patterns of CoCrNi powder and HVOF 

coatings are shown in Fig. 4. 

 

Fig. 4. XRD patterns of CoCrNi powder and HVOF coatings 

Both powder and coating have crystalline peaks 

corresponding to the crystal planes (111), (200), (220) and 

(311) of FCC single-phase solid solution. Compared to the 

XRD patterns of the feedstock, those of the HVOF 

coatings basically have no large angle deviation, and the 

FCC structures still maintained, indicating that the 

coatings are dense and uniform. However, weak oxide 

peaks appeared at 23.12°and 36.26° of XRD patterns of 

HVOF coating. It can be concluded mild oxidation 

occurred and Cr2NiO4 phase formed during spraying. 

Similar results have been reported in the work of Koga et 

al. [23]. 

3.2. Friction and wear test 

The COF-time curves and wear track marks of 

HVOF CoCrNi coatings in a wide temperature range are 

shown in Fig. 5. The friction coefficients in the steady 

stage at room temperature, 200, 400, and 600 ℃ were 

(1.40 ± 0.03), (1.00 ± 0.02), (0.75 ± 0.04), and 

(0.50 ± 0.01), respectively. The average friction 

coefficient gradually decreased with increasing of friction 

temperature. All of the four friction coefficients rose 

rapidly at first and then tended to be stable during 

running-in. The wear track depth of CoCrNi coatings 

(see Fig. 5 b) at room temperature, 200, 400, and 600 ℃ 

were (450 ± 10), (397 ± 12), (190 ± 9) and (140 ± 8) μm, 

respectively. The average wear rates of CoCrNi  

coatings at room temperature, 200, 400, and  

600 ℃ are (43.88 ± 0.50) × 10-5, (40.81 ± 0.40) × 10-5, 

(14.72 ± 0.20)×10-5, and (7.99 ± 0.10) × 10-5 mm3/(N∙m), 

respectively. It can be concluded that HVOF CoCrNi 

coatings have excellent high temperature wear resistances. 

Sample 
Co Cr Ni O 

at.% 

MEA powder 32.50 32.20 35.30 0.00 

panorama of HVOF 

coating 
31.23 30.77 34.05 3.95 

interface of innerlayers 

of HVOF coating 
30.82 33.41 30.16 5.61 
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Fig. 5. a – COF-time curves; b – wear track marks of HVOF 

CoCrNi coatings 

Morphologies of worn surfaces of CoCrNi coatings 

are shown in Fig. 6. The width of wear scars of CoCrNi 

coating after wear test for 30 min under room temperature 

is about 4.11 mm, as shown in Fig. 6 a. Spalling holes, 

wear debris, and microcracks perpendicular to the moving 

direction of grinding balls can be observed in local 

magnification images (see Fig. 6 b and c). The wear mark 

width of the coating decreases to 3.46 mm as friction 

temperature increases to 200 ℃ (see Fig. 6 d). Friction 

grooves parallel to the moving direction of grinding balls 

are formed in the local magnification image, as shown in 

Fig. 6 e and f. In addition, spalling and wear debris can be 

found in Fig. 6 e and f, respectively. As the friction 

temperature further increased up to 400 ℃ and 600 ℃, the 

wear mark widths of CoCrNi coating reduced to 2.59 mm 

(see Fig. 6 g) and 2.20 mm (see Fig. 6 j), respectively. 

Wear debris, spalling holes, microcracks and adhesive 

layers can be found in wear scars of CoCrNi coatings as 

shown in Fig. 6 h, i, k, and l. Abrasive wear, fatigue wear 

and plastic deformation were the main wear mechanisms 

during room temperature friction, while abrasive wear, 

adhesive wear, fatigue wear, and other wear mechanisms 

(for example, oxidative wear) occurred during high 

temperature test. 

After wear test at room temperature for 30 min, light 

grey phase and dark grey one can be observed in the worn 

surface of CoCrNi coating as shown in Fig.7 a. 

  

a b 

  

c d 

  

e f 

  

g h 

  

i j 

  

k l 

Fig. 6. Panorama and local magnification morphologies of worn 

surfaces of HVOF coatings after wear test at different 

temperatures: a, b, c – room temperature; d, e, f – 200 ℃;  

g, h, i – 400 ℃; j, k, l – 600 ℃ 
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Fig. 7. EDS detected area, Cr and O element map distributions of 

worn surfaces of HVOF coatings after wear test at 

different temperatures: a, b, c – room temperature;  

d, e, f – 200 ℃; g, h, i – 400 ℃; j, k, l – 600 ℃ 

Cr and O element concentrated in light grey phase 

area and dark grey one (see Fig. 7 b and c), respectively. 

Co and Ni element map distributions were not provided in 

this work for simplification. Similar phenomena can be 

found in the worn surfaces of CoCrNi coating (see Fig. 7 d 

and f after wear test at 200 ℃ for 30 min. As the friction 

temperature rose to 400 and 600 ℃, the amount of dark 

grey phase in the worn surfaces of CoCrNi coating 

increased markedly as shown in Fig. 7 g and j, 

respectively. Oxygen contents of worn surfaces of CoCrNi 

coatings after room temperature and 200 ℃ wear tests 

were 11.35 mass % and 10.56 mass %, respectively. As 

the temperature rose to 400 and 600 ℃, the oxygen 

contents of worn surfaces of HVOF coatings were 

increased up to 23.16 mass % and 24.11 mass %, 

respectively. As a result, oxidation wear became one of 

the main wear mechanisms of HVOF coatings during 400 

and 600 ℃ friction tests. In addition, oxidation wear has 

been found in HVOF sprayed TiB2-50Ni coating 

(Ref. 26), HVAF sprayed eutectic HEA coatings [27], 

detonation sprayed iron-based amorphous alloy coatings 

[28, 29] and APS FeCoCrNi HEA coatings [30] during 

high temperature wear tests. 
The diameters of wear scars of Si3N4 dual grinding 

balls are significantly affected by friction temperatures 

(see Fig. 8). The diameter of wear scars of Si3N4 balls 

after wear test at room temperature for 30 min was about 

3462.7 μm, as shown in Fig. 8 a. They decreased to about 

3135.5 μm (see Fig. 8 d), 2448.5 μm (see Fig. 8 g) and 

2213.9 μm (see Fig. 8 j) as the friction temperature 

increased up to 200, 400 and 600 ℃, respectively. It 

should be noted that the change trend of wear scars of 

Si3N4 grinding balls is consistent with the wear track 

width of HVOF coating as shown in Fig. 6. In addition, 

the white phase in wear scars were proved to be oxides by 

Cr and O element map distributions as shown in Fig. 8 b, 

c, e, f, h, i, k, and l. Similarly, Co and Ni elements map 

distributions were not provided here for simplicity. Note 

here, smooth oxide films formed on the surface of the 

wear scars of Si3N4 balls as shown in Fig. 8 h, i and k, l. 

As a result, the friction coefficient, wear track depth and 

width, wear rate of CoCrNi coating (≥ 400 ℃) decreased 

obviously owing to the formation of stable oxide films 

both on the worn surfaces of HVOF coating and wear 

scars of Si3N4 balls. The protective and solid lubricating 

effects of oxide films were further confirmed here. Then 

the abrasive wear and adhesive wear of the MEA coating 

were weakened during high temperature friction. 

SEM morphologies of wear debris collected from 

CoCrNi coatings after wear test at different temperatures 

for 30 min were shown in Fig. 9. Fine particles and plate-

like ones can be observed in wear debris collected from 

room temperature, 200 ℃ and 400 ℃ friction experiment 

as shown in Fig. 9 a, b, and c. Most of wear debris 

collected from 600 ℃ friction experiment are plate-like 

particles as shown in Fig. 9 d. Oxidative wear accelerated 

as the temperature increased up to 600 ℃. 

More oxides formed and then deformed into a thin 

film on the worn surface during the continuous wear test. 

Finally, the oxide film cracked and peeled off. As the 

result, most of the plate-like wear debris can be collected 

after 600 ℃ wear test. 
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Fig. 8. SEM images (SE), Cr and O element map distributions of 

wear scars of Si3N4 balls after wear test at different 

temperatures: a, b, c – room temperature; d, e, f – 200 ℃; 

g, h, i – 400 ℃; j, k, l – 600 ℃ 
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Fig. 9. SEM images of wear debris of HVOF coatings after wear 

test at different temperatures: a – room temperature;  

b – 200 ℃; c – 400 ℃; d – 600 ℃ 

3.3. Potentiodynamic polarization test 

Potentiodynamic polarization curves of the CoCrNi 

coating and 45 carbon steel in 3.5 wt.% NaCl solutions 

and 0.1M NaOH solutions at room temperature are shown 

in Fig. 10. 
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Fig. 10. Potentiodynamic polarization curves of the CoCrNi 

coatings and 45 carbon steel in: a – 3.5 wt.% NaCl 

solution; b – 0.1M NaOH solution at room temperature 



 

 

The potentiodynamic polarization curves of the 

anode and cathode regions were performed by Tafel 

extrapolation method to obtain the values of corrosion 

potential (Ecorr) and corrosion current density (Icorr). Main 

corrosion electrochemical parameters, such as corrosion 

potential (Ecorr), cathodic (βc), anodic (βa) slops and the 

linear polarization resistance (R), are listed in Table 2. 

Ecorr and Icorr of the CoCrNi coatings in NaCl  

solution are approximately (-0.217 ± 0.01) mV and 

(0.26 ± 0.08) μA/cm2, respectively. And those of 45 

carbon steel are (-0.677 ± 0.02) mV and 

(50.9 ± 0.04) μA/cm2, respectively. Ecorr of the CoCrNi 

coating was higher than that of 45 carbon steel, while Icorr 

of the former was lower than that of the latter. Similarly, 

compared to 45 carbon steel, the CoCrNi MEA coating in 

NaOH solution exhibited a higher corrosion potential of  

(-0.282 ± 0.02) mV and a lower corrosion current density 

of (0.04 ± 0.01) μA/cm². It can be concluded that the 

corrosion resistances of CoCrNi coating both in NaCl and 

NaOH solutions were superior than those of 45 carbon 

steel owing to the higher Ecorr and lower Icorr values. The 

parameter R correlates to the electric resistance of the 

material to corrosion. The larger the value of R is, the 

higher the barrier of materials to corrosion is [31, 32]. The 

R values of the CoCrNi coating were higher than those of 

45 carbon steel in 3.5 wt.% NaCl and 0.1 M NaOH 

solutions here. These all confirmed the excellent corrosion 

resistance of CoCrNi coatings. 

3.4. Morphology of corroded surfaces 

Fig. 11 shows the surface morphologies of the 

CoCrNi coatings and 45 carbon steel after immersion in 

3.5 wt.% NaCl solutions at room temperature. The defects 

on the surface of CoCrNi coating are considered as 

corrosion pits as shown in Fig. 11 a. The main chemical 

components of black, dark grey and light grey zones of 

CoCrNi coating are listed in Table 3. 

The black and dark grey zone are metastable pits 

distributed randomly on the surface of HVOF coatings. 

The dark grey area was proven to be oxide film which 

perhaps formed during HVOF spraying or electrochemical 

corrosion. The light grey area of CoCrNi coating had 

hardly been corroded during electrochemical corrosion. 

The black corrosion pits were rich of Cr and O elements. 

And the Chromium oxides played a protective role in the 

black zone (see Fig. 11 a). 

Comparing to CoCrNi coatings, a large amount of 

rough corrosion products can be found on the surface of 

45 carbon steel as shown in Fig. 11 b. The corrosion zones 

were rich of Fe and O elements. The electrochemical 

reaction of 45 carbon steel in NaCl solutions was the 

cathodic depolarization control process. The combination 

of cathodic Cl- and Fe2+ generates H+ and Cl-, which 

promote the ionization of anodic Fe and accelerate the 

corrosion of Fe elements in 45 carbon steel [33]. 
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Fig. 11. SEM morphologies and EDS mapping: a – CoCrNi 

coating; b – 45 carbon steel after immersion in 3.5 wt.% 

NaCl solutions 

Table 3. The corresponding EDS results indicated in Fig. 11 a 

Position Co, at.% Cr, at.% Ni, at.% O, at.% 

1 14.29 28.08 5.57 51.30 

2 21.07 21.40 20.29 37.24 

3 32.03 34.38 31.54 2.04 

Fig. 12 shows the surface morphologies of the 

CoCrNi coatings and 45 carbon steel after immersion in 

0.1 M NaOH solution at room temperature. A small 

number of corrosion pits and pronounced intergranular 

corrosion are observed on the corroded surface, with 

corrosion products predominantly localized at grain 

boundaries, as shown in Fig. 12 a. The main chemical 

components of the black and light grey zones in the 

CoCrNi coating are listed in Table 4. The results indicate 

minor selective dissolution of Cr and Ni elements, 

attributed to the active dissolution of Cr and Ni at grain 

boundaries and the attack of OH- on Cr/Ni-depleted zones. 

The corrosion pits (approximately 1 – 2 μm in diameter)  

likely originate from the breakdown of the passive film at 

inherent coating defects, while the alkaline environment 

promotes the deposition of corrosion products in the form 

of hydroxides. 

 

 

Table 2. The electrochemical parameters estimated from polarization data for the CoCrNi coating and 45 carbon steel in 3.5 wt.% NaCl 

solution and 0.1 M NaOH solution 

Sample Βa,V per decade Βc, V per decade Ecorr,VSCE Icorr, μA/cm2 R, Ω 

45 carbon steel (NaCl)  10.451 3.031 -0.677 ±0.02 50.9±0.04 633.3 

CoCrNi coating (NaCl)  2.278 3.998 -0.217±0.01 0.26±0.08 260071.1 

45 carbon steel (NaOH)  3.963 6.930 -0.519±0.03 1.43±0.05 28015.2 

CoCrNi coating (NaOH) 5.797 6.102 -0.282±0.02 0.04±0.01 924605.0 
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Fig. 12. SEM morphologies and EDS mapping of CoCrNi 

coating: a – CoCrNi coating; b – 45 carbon steel after 

immersion in 0.1M NaOH solutions 

Table 4. The corresponding EDS results indicated in Fig. 12(a) 

Position Co, at.% Cr, at.% Ni, at.% O, at.% 

1 18.80 15.76 14.32 51.11 

2 34.33 32.55 31.69 1.44 

A large amount of dark colored corrosion products, 

which have been proven to be iron oxides, can be found 

on the surface of 45 carbon steel as shown in Fig. 12 b. 

Note here, a large number of microcracks formed on the 

surface of iron oxides. As a result, the oxide film has no 

significant passivation effect owing to OH- diffusing 

through microcracks to contact the substrate, and leading 

to further corrosion. The electrochemical reaction of 45 

carbon steel in NaOH solutions was oxygen absorption 

corrosion with a reaction equation of 

4Fe+3O2+H2O→Fe(OH)3. And Fe(OH)3 can be further 

decomposed into iron oxide (Fe2O3·xH2O), which is 

commonly known as rust. 

4. CONCLUSIONS 

CoCrNi MEA coating was prepared on the surface of 

45 carbon steel by HVOF spraying. The wear resistance in 

a wide temperature range and corrosion resistance of 

CoCrNi coatings were investigated. The main conclusions 

are listed as follows: 

The friction coefficient, depth and width of wear 

mark and average wear mass loss of the HVOF coatings 

are obviously reduced as friction temperature increased 

from RT to 200, 400 and 600 ℃. CoCrNi coating has 

superior wear resistance during high temperature wear 

test. 

Abrasive wear, fatigue wear, and plastic deformation 

were the main wear mechanisms during room temperature 

friction. With increasing of friction temperature, the 

oxidation degree of coatings intensified. And oxidative 

wear became the main wear mechanism under 600 ℃. 

Abrasive wear, adhesive wear, and fatigue wear were 

auxiliary wear mechanisms. 

Ecorr and Icorr of CoCrNi coatings in NaCl solution 

were approximately (-0.217 ± 0.01) mV and 

(0.26 ± 0.08) μA/cm2, respectively. Those of 45 steels 

were (-0.677 ± 0.02) mV and (50.9 ± 0.04) μA/cm2, 

respectively. In addition, Ecorr and Icorr of CoCrNi coatings 

in NaOH solution were approximately  

(-0.282 ± 0.02) mV and (0.04 ± 0.01) μA/cm2, 

respectively. Those of 45 carbon steels were  

(-0.519 ± 0.03) mV and (1.43 ± 0.05) μA/cm2, 

respectively. The corrosion resistances of CoCrNi coatings 

were more superior than those of 45 carbon steel both in 

NaCl and NaOH solutions. 
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