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Abstract Thermal spraying aluminum coatings have been

widely used in the corrosion protection of mild steel in

seawater. In this study, high-efficiency supersonic plasma

spraying (HESP) and oxygen–acetylene flame spraying

(FS) were used to prepare aluminum coatings. The

micromorphology of the coatings was analyzed by a

scanning electron microscope equipped with an energy-

dispersive x-ray spectrometer. The phase identification of

the coatings was conducted by an x-ray diffractometer. The

Vickers hardness and bonding strength of the coatings were

measured by an HMV-2000 Vickers hardness tester and

MTS809 universal tensile tester. The corrosion resistance

of the coatings was tested by an IM6ex electrochemical

workstation. The results show that the aluminum coatings

prepared by HESP have a denser structure, higher micro-

hardness, higher bonding strength, and better corrosion

resistance than those prepared by the traditional FS. After

480-h immersion in 3.5 wt.% NaCl solution, a dense cor-

rosion product formed on the surface of aluminum coatings

prepared by HESP prevents further corrosion of the

coatings, but the aluminum coatings sprayed by FS

demonstrate a serious pitting phenomenon.

Keywords aluminum coatings � corrosion resistance �
mechanical property � microstructure

Introduction

In marine environments, serious corrosion problems exist

in the interior and outboard structures of ships, offshore

platforms, and port facilities. Spraying metal protective

coatings is an important means to solve the long-term

protection of steel structures in marine environments (Ref

1-4).

Aluminum is a kind of good anode material that has a

higher negative electrode potential than steel. In the pres-

ence of electrolyte, aluminum coatings can protect the

cathode by sacrificing the anode (Ref 5, 6). Moreover,

when immersed in 3.5 wt.% NaCl solution, the aluminum

coating can generate stable water-insoluble corrosion pro-

duct, Al(OH)3. The dense corrosion product can effectively

prevent the corrosion medium from infiltrating into the

coating, which has a good isolation and protection function

(Ref 7). In order to evaluate the corrosion resistance of

aluminum coating, Esfahani et al. (Ref 8) carried out

electrochemical impedance spectroscopy (EIS) and polar-

ization tests in 3.5 wt.% NaCl solution. The results showed

that the corrosion resistance of the coating was improved

because the corrosion products blocked the pores of the

coating and prevented the electrolyte from penetrating into

the coating. Zhang et al. (Ref 9) sprayed a layer of alu-

minum coating on the surface of Q235 steel by oxy-acet-

ylene flame spraying. After soaking the substrate and

aluminum coating in the 3.5 wt.% NaCl solution for 120 h,
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it was found that the corrosion of aluminum coating was

slight, which indicated that the aluminum coating could

well-prevent steel from corrosion.

Thermal spraying is a kind of material forming tech-

nology that uses flame, arc, plasma arc, and other heat

sources to heat the spraying material to the melting state,

accelerating the melting spraying particles at the same

time, and spraying them to the surface of the pretreated

substrate to form the coating (Ref 10). For the spraying of

aluminum coatings, the traditional thermal spraying tech-

nologies, such as flame spraying and arc spraying, were

mostly used. Zlatko et al. (Ref 11) used the method of

response surfaces to study the bonding strength of alu-

minum coatings sprayed by flame spraying technology, and

the maximum value of bonding strength between coatings

and substrate was 22.45 MPa. Malek et al. (Ref 12) studied

the performance of 99.5 wt.% aluminum coating sprayed

by arc spraying technology, and the results showed that the

bonding strength between coatings and substrate was

12.38 MPa. Rodriguez et al. (Ref 13) compared aluminum

coatings deposited by flame spraying and arc spraying

methods, and the results showed that the porosities varied

in the range of 3-7% for flame-sprayed coating and 1-7%

for arc-sprayed coating. Although the traditional thermal-

sprayed aluminum coatings have been widely used for

corrosion protection of low carbon steel, it is a fact that

some problems, such as the presence of many internal

pores, coating looseness, and low bonding strength

between coatings and substrate, exist in coatings (Ref 14-

18). Long-term immersion in seawater will lead to the early

separation of coatings and substrate, and more pores will

lead to the penetration of corrosive medium into the

coatings to accelerate the corrosion of the coatings and

reduce the thickness of the coatings. These defects can

seriously affect the corrosion protection duration of the

aluminum coating on mild steel, which cannot meet the

increasingly stringent requirements for the long-term pro-

tection of mild steel.

HESP, as an important thermal spraying technology,

has the following advantages: (1) the jet temperature can

be adjusted in a wide range (1000-10,000 �C), which can

be used to spray aluminum coating; (2) the spray parti-

cles have a high flying speed (400-600 m/s), which can

be spread evenly when they are sprayed to the substrate;

(3) the internal powder feeding nozzle is used, which has

a high deposition efficiency; (4) the argon is used as

inert ionization gas, which results in low oxidation

degree of particles, less defects, and good quality of

coatings. Therefore, compared with the traditional ther-

mal spraying technology, HESP can obtain high-quality

coatings, which has a broad application prospect in

engineering (Ref 19).

In this study, aluminum coatings were prepared by

HESP and FS. The quality, mechanical properties, and

corrosion resistance of the two coatings were studied and

compared.

Experimental Materials and Methods

Experimental Materials

The substrate is AISI 1045 steel with a size of 70 mm 9

10 mm 9 3 mm. The spraying raw materials were alu-

minum powders (purity C 99.7%) produced by Beijing

Sangyao Technology Development Co., Ltd., China, and

their morphologies are shown in Fig. 1. The powders were

mainly spheroidal, and the particle size distribution range

was 15-45 lm.

Preparation of Aluminum Coatings

Prior to spraying, aluminum powders were dried for 3 h at

100 �C in the drying oven to prevent them from getting wet.

The substrate AISI 1045 steel, whose sides had a chamfer

with length of 1 mm and an angle of 45�, was cleaned

ultrasonically for 30 min in a bath of alcohol to remove oil

stains. Then, the substrate surface was grit-blasted by a

manual blasting machine, using 500 lm angular alumina

grits. The distance and angle of grit blasting were 200 mm

and 90�, respectively. Finally, the aluminum coatings were

fabricated by FS and HESP developed by National Key

Laboratory for Remanufacturing, China. The HESP system

is shown in Fig. 2, and process parameters of grit blasting

and spraying are given in Table 1.

Characterization of Aluminum Coatings

The microstructure and composition of the coatings were

analyzed by a Nova NanoSEM50-type environmental

scanning electron microscope (SEM, FEI, America), which

was equipped with an x-ray spectrometer (EDS, Oxford,

England). The phase composition was conducted by x-ray

diffractometer (XRD, Bruker, Germany) with Cu Ka
radiation. The tube voltage and current were 40 kV and

150 mA, respectively. The scanning speed was 3�/min, and

the range was 20�-90�.
The porosity of the coating was calculated by the gray

scale method. The main steps were as follows: take 10

photographs of 8009 magnification SEM at different

positions of the coating cross section, input the pho-

tographs into ImageJ2x software to process them as

grayscale images, then calculate the coating porosity of

each photograph, and take the average value.
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The microhardness of coatings was measured using a

microhardness tester (MICROMET-6030, Buehler, Amer-

ica) with a load of 100 gf and hold time of 15 s. The

microhardness values were the average of 10 measurement

points to eliminate the artificial disturbance effects.

The microhardness of coatings was measured by the

microhardness tester (MICROMET-6030, Buehler, Amer-

ica). The test parameters were load 100 gf and hold time

15 s. The bonding strength between coatings and substrate

was tested by an MTS809 universal tensile testing

machine. According to ASTMC-633-01 standard, the

cross-head speed of the equipment was 1 mm/min. The

bonding strength is the average of three measurements. The

tensile test specimen is shown in Fig. 3.

Corrosion Tests

Electrochemical impedance spectroscopy (EIS) and Tafel

polarization measurements were performed using a con-

ventional three-electrode system (in Fig. 4). The working

electrode was the test sample with an effective area of

1 cm2; the platinum was the counter electrode; the refer-

ence electrode was the saturated calomel electrode (SCE);

and the corrosive medium was a 3.5 wt.% NaCl solution

(pH = 7). The Tafel polarization curves and the EIS spectra

measurement were all performed on the electrochemical

workstation (IM6ex, Zahner, Germany). The polarization

curves were fitted with CorrView 2 software, and the

impedance spectra were analyzed with ZSimpWin 3.21

Fig. 1 Microscopic morphology of aluminum powders: (a) low magnification; (b) high magnification

Fig. 2 High-efficiency supersonic plasma spray system

Table 1 Grit blasting and spraying parameters

Process Parameters Values

Grit blasting Air pressure (MPa) 0.7

Blasting distance (mm) 300

Blasting angle (�) 90

HESP Voltage (V) 130

Current (A) 350

Spraying distance (mm) 100

Cooling of substrate Air blow

Gas flow rate (L/min) Ar(120), H2(13)

Coating thickness (mm) 0.30

FS Oxygen pressure (MPa) 0.75

Oxygen flow rate (L/h) 500

Acetylene pressure (MPa) 0.8

Acetylene flow rate (L/h) 1000

Spraying distance (mm) 160

Coating thickness (mm) 0.30
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software. The Tafel polarization curve has a scanning

speed of 1 mV/s and a scanning range from - 300 to

600 mV (relative to the open circuit potential). The EIS

spectra were measured at an open circuit from the corro-

sion potential, the excitation voltage signal amplitude was

5 mV, and the test frequency range was 105-10-2 Hz.

Results and Discussion

Micromorphology and Composition of Aluminum

Coating

The surface morphology of aluminum coatings sprayed by

HESP and FS is shown in Fig. 5. It can be seen from

Fig. 5(a) that the surface of the aluminum coating sprayed

by HESP is relatively flat, and there are fewer unmelted

spherical particles, which indicates that the particles have

fully melted and spread evenly on the surface of the sub-

strate. On the contrary, in Fig. 5(b), there are many

spherical and striped particles in the surface of the alu-

minum coating sprayed by FS, indicating that the particles

are not fully melted. It can also be seen from Fig. 5(b) that

there are many pores in the accumulation position of par-

ticles, which indicates that the formation of pores in the

coating is mainly due to the inclusion of unmelted spherical

and strip particles in the coating, forming pores around

them.

The cross section morphologies of the aluminum coat-

ings sprayed by HESP are shown in Fig. 6(a) and (b). The

coating is very dense, with only a few micropores, no

cracks, unmelted particles, and other defects. However,

compared to the aluminum coatings sprayed by HESP,

more voids, unmelted particles, and cracks are present on

the aluminum coatings sprayed by FS (Fig. 6c and d).

There are also pores and cracks at the interface between the

FS-sprayed coatings and substrate, which will result in

lower bonding strength. The porosities of the aluminum

coatings sprayed by HESP and FS are 1.02 and 2.18%,

respectively. This is because, compared to FS, HESP has

the characteristics of better particle melting state and

higher flight speed of particles, which makes particles have

higher kinetic energy and heat energy. When the particles

were sprayed on the substrate, the flattening of the particles

is more sufficient and the spreading is more uniform, which

makes the coating more compact.

The XRD pattern of the aluminum coatings sprayed by

HESP and FS is shown in Fig. 7. The phase compositions

of the two sprayed aluminum coatings are pure aluminum,

and there are no other secondary phases.

Mechanical Properties of Aluminum Coatings

The microhardness and bonding strength of the aluminum

coatings sprayed by HESP and FS are shown in Fig. 8. The

microhardness values of the aluminum coatings sprayed by

HESP and FS are 50.8 HV0.1 and 34.4 HV0.1, and the

bonding strengths are 43.7 and 33.3 MPa, respectively. The

mechanical properties of the aluminum coatings sprayed by

HESP are better than those sprayed by FS. This is because

pores, cracks, unmelted particles and other defects in the

coatings have a great influence on the microhardness and

bonding strength of the coatings (Ref 20-23). More voids,

cracks, and unmelted particles in the coating will lead to

loosening of the coatings, which will reduce their hardness

and bonding strength. As can be seen from Fig. 5 and 6,

aluminum coatings sprayed by FS have many pores, cracks,

and unmelted particles in the coatings and there are a lot of

Fig. 3 Tensile test specimen for measuring bonding strength of spray

coatings

Fig. 4 Schematic diagram of three-electrode system
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pores and cracks at the interface between coatings and

substrate. On the contrary, the aluminum coatings sprayed

by HESP have fewer pores, and the coating is compactly

filled on the rough surface of the substrate, which makes

the microhardness and bonding strength of the aluminum

coatings sprayed by HESP higher than that sprayed by FS.

Fig. 5 Surface morphologies of

(a) HESP-sprayed coatings and

(b) FS-sprayed coatings

Fig. 6 Cross section morphologies of aluminum coatings: (a) HESP-sprayed coatings (low magnification), (b) HESP-sprayed coatings (high

magnification), (c) FS-sprayed coatings (low magnification), and (d) FS-sprayed coatings (high magnification)
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Corrosion Resistance of Aluminum Coatings

Potentiodynamic Studies of Aluminum Coatings

Figure 9 shows the potentiodynamic polarization curves of

the aluminum coatings sprayed by HESP and FS in

3.5 wt.% NaCl solution at room temperature. The values of

corrosion potential (Ecorr), corrosion current density (Icorr),

and polarization resistance (Rp) were fitted from the curves

in the Tafel region (Table 2). The Ecorr of the aluminum

coatings sprayed by HESP and FS are - 0.91 and

- 1.03 V, respectively, which are lower than that

(- 0.61 V) of mild steel (Ref 24). This indicates that the

aluminum coatings have a good cathodic protection effect

on mild steel. The Ecorr of the aluminum coatings sprayed

by HESP is higher than that of FS, which is due to the

presence of fewer surface defects of aluminum coatings

sprayed by HESP, resulting in less surface activity of the

coating before corrosion. A higher Ecorr indicates less

corrosion tendency. The Icorr of the aluminum coatings

sprayed by HESP and FS is 4.62 9 10-6 A/cm2 and

1.54 9 10-5 A/cm2, respectively. The Icorr reflects corro-

sion rate to some extent, and the higher the Icorr, the faster

the corrosion rate. The Icorr of aluminum coatings sprayed

by FS is an order of magnitude higher than that sprayed by

HESP, so the corrosion tendency of HESP coating is less.

The Rp of the aluminum coatings sprayed by HESP and

FS is 14,691 (X cm2) and 3170 (X cm2), respectively.

These results show that the aluminum coatings sprayed by

HESP have higher Ecorr and Rp and lower Icorr than those

sprayed by FS, which can provide better protection for mild

steel.

EIS Studies of Aluminum Coatings

EIS is a very useful technique for determining the corro-

sion characteristics of the interface between solution and

coatings. The corrosion resistance of aluminum coatings

immersed in 3.5 wt.% NaCl solution for different time

periods was evaluated by EIS.

Figure 10(a) and (b) shows Nyquist plots of the alu-

minum coatings sprayed by HESP and FS. Before being

immersed in 3.5 wt.% NaCl solution (0.5 h), there was one

Fig. 7 X-ray diffraction pattern of aluminum coatings

Fig. 8 Microhardness and bonding strength of aluminum coatings

Fig. 9 Potentiodynamic polarization curves of aluminum coatings

Table 2 Corrosion potential, corrosion current density, and polar-

ization resistance of aluminum coatings

Ecorr (V) Icorr (A/cm
2) Rp (X cm2)

HESP - 0.91 4.62E-6 14,691

FS - 1.03 1.54E-5 3170
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Fig. 10 EIS pattern of aluminum coatings: (a) Nyquist plot of HESP-

sprayed coatings, (b) Nyquist plot of FS-sprayed coatings, (c) Bode

phase plot of HESP-sprayed coatings, (d) Bode phase plot of FS-

sprayed coatings, (e) impedance modulus plot of HESP-sprayed

coatings, and (f) impedance modulus plot of FS-sprayed coatings
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capacitive loop that formed. This is because the surface of

the coatings is polished by #1500 SiC water sandpaper

before immersion. Thus, the surface of the coatings is

smooth and compact, with low roughness and high surface

activity, and a very thin oxide film will be formed. In

3.5 wt.% NaCl solution, this oxide film will slow down the

penetration of solution into the coatings. After 12 h

immersion in 3.5 wt.% NaCl solution, the diameter of

capacitive loop drastically decreased, which indicated that

local corrosion occurred when solution penetrated into the

interior of the coatings through the pores on the surface of

the coating. From 120 to 480 h, the diameter of capacitive

loop was significant increased compared to that of 0.5 h,

which is due to the formation of corrosion products on the

coatings with the corrosion proceeding. With the increase

in immersion time and the accumulation of corrosion

products, more corrosion products fill the surface pores and

other defects of the coatings, thus slowing down the cor-

rosion rate and the diameter of capacitive loop of 480 h is

the maximum. In the Nyquist plot, the larger the diameter

of the capacitive loop, the better the corrosion resistance

(Ref 25). As can be seen from Fig. 10(a) and (b), the

capacitive loop of the aluminum coatings sprayed by HESP

is greater than that sprayed by FS.

Figure 8(c) and (d) shows Bode phase plots of the alu-

minum coatings sprayed by HESP and FS. From 0.5 to

12 h, there are two times constant in the Bode phase plots,

and it can be described by different frequency ranges. The

high-frequency capacitive loop corresponds to the coatings,

which is caused by solution resistance; the low-frequency

capacitive loop corresponds to the corrosion process, which

is caused by capacitance (Ref 26, 27). The capacitance

might be due to the formation of a very thin corrosion layer

on the surface of coatings. As can be seen from

Fig. 10(c) and (d), from 0.5 to 12 h, the phase angle

decreases. At the same time, it can be seen from

Fig. 10(e) and (f) that the impedance modulus decreases,

indicating corrosion occurred on the interface between

solution and coatings. Once corrosion occurs, corrosion

products will form on the coating surface.

With the increase in immersion time, from 120 to 480 h,

the phase angle shifted to a lower frequency, which indi-

cated the accumulation of corrosion products and the for-

mation of passive film. After 120 h, there is one times

constant in the Bode phase plots, and the impedance

modulus is increasing in the impedance modulus plots.

This indicates that a thick passive layer is formed on the

surface of the coating, hindering the penetration of solution

into the coatings and protecting the surface for further

corrosion. The impedance modulus depicts the corrosion

resistance of coatings. The larger the impedance modulus

is, the better the corrosion resistance (Ref 28). It can be

seen from Fig. 10(e) and (f) that the impedance modulus of

the aluminum coatings sprayed by HESP is larger than that

sprayed by FS. Therefore, the corrosion resistance of the

aluminum coatings sprayed by HESP is better than that

sprayed by FS.

Based on the results of EIS analysis of aluminum

coatings, the equivalent circuits of different corrosion

stages are fitted, as shown in Fig. 11. From 0.5 to 120 h, as

the solution penetrates into the coating through defects

such as pores on the surface of the coating, the interface

between the solution and the coating is corroded and the

coating begins to dissolve. The equivalent circuit for this

period of time can be modeled in Fig. 11(a). The equiva-

lent circuit includes a solution resistance (Rs) between the

working electrode (aluminum coatings) and the reference

electrode (SCE), a pair of elements of pore resistance (Rp),

and a coating constant phase element (CPE-c) in parallel

which relates to the coatings defects, and another pair of

elements of charge transfer resistance (Rdl) and a double-

layer constant phase element (CPE-dl) related to the cor-

rosion process. Since the dissolution of the coatings and the

formation of corrosion products occur simultaneously, the

appearance of CPE-dl is due to the formation of a double-

layer capacitance between the coatings and the corrosion

products. From 240 to 480 h, the equivalent circuit can be

modeled in Fig. 11(b). Weber impedance appears in the

equivalent circuit. Usually, when corrosion products

accumulate in the pores of coatings, Weber impedance will

appear, which results in mass transfer reaction (Ref 29, 30).

According to the fitted equivalent circuits, the fitted

circuit parameters are shown in Table 3. From 0.5 to 120 h,

with the prolongation of immersion time, the Rdl value and

Rp value increase, and the CPE-c value and CPE-dl value

decrease. This indicated that a thick layer of corrosion

products formed on the surface of the aluminum coatings in

3.5 wt.% NaCl solution. From 240 to 480 h, Weber

Fig. 11 Equivalent circuit of

corrosion process for aluminum

coatings in 3.5 wt.% NaCl

solution
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impedance appeared. The phenomenon shows that the

corrosion products can plug the pores and be used as a

barrier to prevent the solution from penetrating into the

coatings and protect the surface from further corrosion,

which is the blocking effect.

Corrosion Surfaces of Aluminum Coatings

Figure 12 shows the surface corrosion morphologies and

EDS analysis of the aluminum coatings sprayed by HESP

and FS immersed in 3.5 wt.% NaCl solution for 480 h. As

Table 3 Electrochemical parameters of aluminum coatings

Time (h) Rs (X cm2) CPE-c (lF/cm
2) n Rp (X cm2) CPE-dl (lF/cm

2) n Rdl (X cm2) W l/(cm2 X s0.5)

HESP 0.5 10.01 51 0.81 685 1044 0.8 1107 …
12 10.56 43 0.85 1195 942 0.82 2532 …
120 10.91 37 0.8 6280 765 0.84 8952 …
240 11.3 35 0.82 10,800 … … … 560

480 11.5 23 0.8 53,590 … … … 495

FS 0.5 10.44 144 0.8 485 2510 0.8 1842 …
12 10.55 142 0.78 788 654 0.75 2766 …
120 13.20 127 0.8 1152 551 0.8 2846 …
240 11.53 122 0.73 6859 … … … 54

480 13.40 105 0.72 13,250 … … … 50

Fig. 12 Surface corrosion morphologies and EDS of aluminum coatings: (a) HESP-sprayed coatings (low magnification), (b) HESP-sprayed

coatings (high magnification), (c) FS-sprayed coatings (low magnification) and (d) FS-sprayed coatings (high magnification)
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can be seen from Fig. 12(a), the surface of the aluminum

coatings sprayed by HESP is uniformly corroded, with no

more corrosion holes, and dispersed with white flocs. The

white flocs were analyzed by EDS, and four elements, O,

Na, Al, and Cl, were detected. Cl and Na elements come

from NaCl solution, and the high content of O element

probably comes from the corrosion products Al(OH)3 (Ref

31). From the high magnification of the corrosion products

in Fig. 12(b), the corrosion products are uniform, dense,

and thick, which block the pores on the surface of the

coatings, hinder the penetration of corrosion medium into

the inside of the coatings, and protect the surface from

further corrosion.

It can be seen from Fig. 12(c) that the surface of the

aluminum coatings sprayed by FS is also dispersed with

obvious white flocs, but there are more corrosion holes,

indicating that serious pitting corrosion occurs. The EDS

analysis of the holes also shows four elements O, Na, Al,

and Cl, among which the content of O element was higher,

indicating that corrosion products existed in the holes.

However, from the high magnification of the holes in

Fig. 12(d), the corrosion pores of the coating are shown to

be interconnected, indicating that the corrosion is serious.

This may be because the surface of the aluminum coatings

sprayed by FS is rough and there are many pores. The

corrosion products are not enough to plug the pores, which

results in the penetration of corrosion medium into the

coatings, leading to serious corrosion. So, the aluminum

coatings sprayed by HESP have good quality and better

corrosion resistance than that sprayed by FS.

Figure 13 shows XRD analysis of aluminum coatings

sprayed by HESP after corrosion in 3.5 wt.% NaCl

solution. The characteristic peaks of aluminum on the

surface of the coatings after corrosion are the most obvious,

indicating that the main component of the coatings surface

is still aluminum. At the same time, the characteristic peak

of Al(OH)3 appeared, indicating that Al(OH)3 was formed

on the coating, which further indicated that the white flocs

were the corrosion product Al(OH)3.

Conclusions

From the above results, the following main conclusions can

be drawn:

1. The aluminum coatings sprayed by HESP are denser

than those sprayed by FS, which is attributed to the

inert spraying heat source and supersonic speed of

HESP. The sprayed particles can be fully deformed

and spread when they reach the substrate. The

porosities of the aluminum coatings sprayed by HESP

and FS are 1.02 and 2.18%, respectively.

2. The mechanical properties of the aluminum coatings

sprayed by HESP are better than those sprayed by FS,

which is attributed to fewer defects of aluminum

coatings sprayed by HESP. The microhardness values

of the aluminum coatings sprayed by HESP and FS are

50.8 HV0.1 and 34.4 HV0.1, and the bonding strengths

between coatings and substrate are 43.7 and 33.3 MPa,

respectively.

3. Potentiodynamic and EIS studies reveal kinetics of

protective properties of aluminum coatings in 3.5 wt.%

NaCl solution with different exposure periods. Com-

pared with the aluminum coatings sprayed by FS, the

aluminum coatings sprayed by HESP show a larger

capacitive loop, phase angle, and impedance modulus,

indicating that the aluminum coatings sprayed by

HESP possess better corrosion resistance than those

sprayed by FS.

4. After 480-h immersion in 3.5 wt.% NaCl solution, a

dense corrosion product formed on the surface of

aluminum coatings sprayed by HESP prevents further

corrosion of the coatings. However, the aluminum

coatings sprayed by FS exhibit serious pitting

corrosion.
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