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In this work, cermet coatings were prepared by high-velocity oxygen-fuel (HVOF) technique using a
Diamalloy 3007 powder. The influence of the spray parameters on corrosion, friction, and abrasive
wear resistance was studied. The samples were obtained using the standard conditions (253 L/min of
oxygen and 375 L/min of compressed air), higher oxygen flux (341 L/min), and higher carrier gas flux
(500 L/min). The coatings were characterized using scanning electron microscopy (SEM), and x-ray
diffraction (XRD). X-ray diffraction and SEM studies showed well-bounded coating/substrate interface,
pores, metallic matrix, chromium oxides, carbides, and carbides dissolution into the matrix. In com-
parison with the standard condition, the sample prepared using higher oxygen flux showed the highest
carbide dissolution because of the high temperature achieved in the spray process. When the carrier gas
flux was increased, the sample showed denser structure because of the higher particle velocity. The
friction and abrasive wear resistance of the coatings were studied using rubber wheel and ball-on-disk
tests. All samples showed similar sliding and abrasive behavior, and all of them showed better perfor-
mance than the aluminum alloy. The electrochemical behavior was evaluated using open-circuit potential
(Eoc) measurements, electrochemical impedance spectroscopy (EIS), and potentiodynamic polarization
curves. The coating prepared with higher carrier gas flux showed the highest corrosion resistance in 3.5%
NaCl solution and probably no pitting attack to the substrate occurred even after around 26 h of test.
Tests performed for longer immersion times showed that the total impedance values significantly
decreased (6 and 4 times) for samples sprayed using standard and higher oxygen flux, and no great
change for sample sprayed using higher carrier gas flux was observed. The last sample presents a
corrosion resistance around 200 times higher than the others.

increasing the mechanical properties: heat treatments
(Ref 5, 6), anodizing coatings (Ref 7, 8), deposition of
metal-matrix composite by plasma transferred arc (Ref 9),
physical vapor deposition (PVD) (Ref 10, 11), duplex
treatment (Ref 12, 13), ion beam (Ref 14), hard chromium
electroplating (Ref 15), and thermal spray processes
(Ref 14, 16-21).

Among the thermal spray techniques, the high-velocity
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1. Introduction

Aluminum alloys of 7xxx series (Al-Zn-Mg-Cu) have
low hardness, poor tribological properties, and low cor-
rosion resistance in aggressive medium, exhibit some
resistance to stress-corrosion cracking, and, when in con-
tact motion with other alloys, aluminum suffers from
scoring, adhesive wear, plastic deformation, and severe
metallic sliding and abrasion (Ref 1-4).

Different processes were used to increase the corrosion
resistance of the aluminum alloy, maintaining or even
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oxygen fuel (HVOF) is one of those used most often to
replace hard chromium plating (Ref 22, 23), because
coatings with low porosity, high density, excellent adhe-
sive strength (Ref 23, 24), good tribological properties
(Ref 20), and higher corrosion resistance when compared
with other spraying technologies (Ref 25-27) can be pro-
duced. In the HVOF process, a suspension of powder in
the carrier gas is injected into the combustion chamber of
a gun, where a fuel (propylene, hydrogen, kerosene, etc.)
is burnt with oxygen at high pressure, generating a spray
with supersonic velocity (Ref 28, 29). Thermally sprayed
coatings have emerged as an available solution for a
wide range of wear-resistance applications to improve the
service life of machine components (Ref 22).

There are many different powder materials that can be
sprayed by HVOF process, such as ceramics, metal alloys,
pure metals, cermets, and polymers (Ref 28-30). Cermet
coatings, such as chromium carbide and tungsten-based
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carbide coatings are frequently used in gas and steam
turbines and aeroengines to improve the resistance to
sliding and abrasive and erosive wear (Ref 22). They can
also usually increase the corrosion resistance of the sub-
strate (Ref 16, 25, 26, 30, 31).

Different materials can be used as substrates for the
HVOF technique such as: copper, steel, titanium, alumi-
num alloys, magnesium alloys, and so forth. There are
only few studies that applied cermet materials on alumi-
num alloys (Ref 21), probably because it is difficult to
obtain coatings of high hardness using standard condi-
tions, which adheres on aluminum and aluminum alloy
substrates, since the high residual stress generated during
the thermal spray process can delaminate the coating/
substrate (Ref 32, 33).

The temperature of aluminum and aluminum alloy sub-
strates during the spray process is another very important
factor that can contribute to the delaminating phenomenon,
but its effect can be minimized applying different simulta-
neous cooling techniques and changing the spray parameters
such as gas ratio and flow rate, spray distance, gun transverse
speed, torch passes, and so forth (Ref 30, 31, 34).

The aim of this work is to study the influence of spray
parameters (carrier gas velocity and the amount of oxygen
flow) on wear and corrosion properties of Cr;C,-NiCr
coatings applied onto an AA 7050-T7 aluminum alloy
using the HVOF technique. It is particularly important to
note that the coatings were applied with simultaneous
refrigeration of the substrate (Ref 35).

2. Experimental Procedure

An AA 7050-T7 aluminum alloy provided by Embraer
(Sao José dos Campos, Brazil) with a nominal composition
(wt.%) of 6.1 Zn, 2.2 Cu, 2.1 Mg, 0.05 Si, 0.08 Fe, 0.01 Mn,
0.11 Zr, 0.02 Ti, and a balance of Al was used as substrate.
Similar compositions for AA 7050-T7 aluminum alloys
were previously given in literature (Ref 36, 37). The T73
heat treatment was used in this work to increase the SCC
resistance (Ref 5). Before the spraying process, rectangular
(100 x 20 x 5 mm?®) samples were degreased with acetone
and grit blasted with white corundum, Al,O5 (grade 24) at
5.6 bar, 45°, and using a blasting distance of 250 mm, to get
a surface with a mean roughness of around 5 pm.

Cr3C,-NiCr coatings were obtained using Sulzer Metco
(Westbury, NY) Diamond Jet Hybrid DJH 2700 HVOF
equipment (CPT-Universitat de Barcelona). The powder
selected was a commercial 80Cr;C,-20NiCr (wt.%) Di-
amalloy 3007, where the NiCr matrix contained 80 wt.%
Ni and 20 wt.% Cr. The thermal spray parameters are
shown in Table 1. The coatings were thermally sprayed on

Table 1 Thermal spray parameters

the aluminum alloy using three different parameters:
(a) parameters supplied by the gun manufacturer (stan-
dard parameters), (b) higher temperature of the flame
(greater amount of oxygen), and (c) higher particle
velocity (greater flow of compressed air); this will also
increase the temperature of the flame, but to a lesser
degree compared to the parameter described in (b). All
samples were cooled during the spraying process using a
liquid nitrogen prototype device provided by Air Products
(Air Products and Chemicals, Inc., Allentown, PA, USA)
(Ref 35).

The microstructure of powder and coatings was studied
using a JEOL 5310 scanning electron microscope (SEM,
JEOL Ltd., Tokyo, Japan) coupled to an energy-dispersive
analyzer (EDS), and the coating thickness was estimated
from digital micrographs. The microhardness was obtained
by cross-sectional measurements using a Vickers indenter
with a load of 300 g (an average of 20 indentations per
sample). The phase composition of the powder and coat-
ings was studied using a Siemens D500 and D5000 x-ray
generator (Siemens Corporation, Karlsruhe, Germany);
Ko (Cu)=1.54 A radiation was used at 40 kV and 30 mA.
The range recorded was 30 to 60° with step time of 0.05 s.

The abrasion tests for each coating were carried out
using rubber-wheel equipment (ASTM G 65-91 D), with a
rotating speed of 139 rpm, load of 50 N, and abrasive
particles of SiO, (flow of 295 + 2 g/min). The wear rates
were calculated by means of mass loss measurements.

The wear test was performed using ball-on-disk
equipment, ASTM G 99-90. The test diameter was 16 mm,
the counterpart was a bulk of WC-6Co ball, the normal
load applied was 15 N, and the sample relative velocity
was 131 rpm, with a total testing distance of 1000 m. The
relative humidity was constant and lower than 20%, and
tests were performed at room temperature. The wear
tracks produced on the coatings were examined by SEM
and a Zygo New View 100 Scanning White Light Inter-
ferometer (SWLI, Zygo Corporation, Middlefield, CT,
USA), which works up to a depth of 100 pm with 0.1 nm
resolution and 0.3 nm root mean square (rms) repeat-
ability and lateral resolution of 500 nm.

The corrosion resistance of the coated aluminum alloys
was evaluated by electrochemical impedance (EIS) mea-
surements of the as-sprayed HVOF coated samples in
80 mL unstirred and aerated 3.5% NaCl solution. Open-
circuit potential (Eoc) measurements were also per-
formed in chloride solution. The potential was measured
and referred to an AgIAgClIKCl,, ) electrode used as a
reference and connected to the working solution through a
Luggin capillary. A platinum network was used as an
auxiliary electrode. Finally, a working electrode of each
coated sample was placed at the lateral face of a

Number of Powder feed rate, Spraying distance, Air jet,
Condition Coating reference torches g/min C3;Hg, L/min mm 03, L/min L/min
1 D15S 15 38 77 250 253 375
2 D15H 15 38 77 250 341 375
3 DI15F 15 38 77 250 253 >500
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horizontal electrochemical cell, exposing a geometric area
of 0.8 cm? to the solution. This area is generally different
from the actual area exposed to the solution, since it
depends on the electrolyte penetration, surface roughness,
and on the many defects present in the cermet (Ref 31).

Eoc and EIS measurements were performed using a
Potentiostat/Galvanostat E.G&G Parc-273 and a Fre-
quency Response Analyzer Solartron-SI1255 (AMETEK,
Inc., Paoli, PA, USA) coupled to a computer. The EIS
tests were performed applying 10 mV (rms) to the Eoc
value, starting from 5 x 10* to 1072 Hz with 10 points/
decade. For all samples, Eqc and EIS measurements were
performed after 26 h in chloride-containing solution and
at room temperature. Complementary experiments were
also done after 72 h of immersion.

3. Results and Discussion

3.1 Structural Characterization

3.1.1 Cr3C,-NiCr Powder. The XRD pattern for this
powder (Fig. 1) shows the crystalline structure of the
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Fig. 1 XRD pattern for Cr;C,-NiCr powder

<

material and the peaks are attributed to Cr3zC,, Cr;Cs, and
Ni (solid solution of Cr in Ni) phases. Figure 2 shows that
the powder presents a clad structure with carbide particles
(size between 10 and 30 pm) completely embedded in the
nickel-chromium matrix. The particles show both faceted
and rounded morphologies (Fig. 2), and the cross-section
image clearly shows two phases with different contrasts
(Fig. 2b): Ceramic phase (dark contrast) and metallic
phase (light contrast).

3.1.2 Cr;C,-NiCr Coating. X-ray diffraction analyses
(Fig. 3) were carried out to identify the different phases
present in the coatings, and patterns are different from the
one obtained for the powder (Fig. 1). For all samples,
chromium oxide and different carbide phases such as
Cr,C; and Cr3;C, were detected. Even though Cr;C; car-
bide was already present in the initial powder, it was also
produced by partial decomposition of the initial Cr;C,
phase during the spraying process (Ref 25). Chromium
oxides were grown during the spraying process by a
reaction of chromium with the oxygen that comes from
the flame and also from the atmosphere. At high tem-
peratures and oxidant atmosphere, several reactions can
be involved in the decomposition of original phases and
new phases formation (Ref 38):

7/5Cr3C; — 3/5Cr;Cs + C

Cr3C; + 5/140, — 3/7Cr;Cs + 5/7CO
2Cr3C; + 13/20, — 3Cr,05 + 4CO
2Cr7Cs + 27/20, — 7Cr,03 + 6CO

The increase of the background intensity in the XRD
spectra of the coatings is the main difference observed
between the coatings and the feedstock material. This
increase is caused by the formation of an amorphous
noncrystalline phase (Ref 25), which in thermal spray
processes appears mainly as a consequence of the very fast
cooling of the coatings.

Scanning electron microscopic cross-section images
(Fig. 4) of the coating/substrate interface showed well-
bounded layers for all samples, sample D15S showed some
delaminating in the coating (detail of Fig. 4a) but not in
the coating/substrate interface (Fig. 4a).

Figure 5 shows SEM cross-section images (originals at
2000x) of the D15S (a), D15H (b), and D15F (c) coatings

Fig. 2 SEM images of Cr;C,-NiCr powder. (a) Three-dimensional section. (b) Cross section (inset: rough surface)
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at high magnification. As a result of the spraying tech-
nique, all the coatings showed melted and semimelted
particles of Cr;C, in a NiCr matrix. The presence of (A)
carbides, (B) melting zones, (C) pores, (D) oxides, and (E)
matrix is observed, as previously described (Ref 25, 39).
The structure of sample D15H (Fig. 5b) shows a high
number of oxidation-dissolution layers, as well as a high
number of rounded Cr;C, particles, as a result of the
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Fig. 3 XRD patterns obtained for samples D15H, D15F, and
D158
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high temperature reached inside the flame during thermal
spray process. Under these conditions, some carbide
underwent superficial dissolution presenting a rounded
form. The presence of low amount of oxidation-dissolution
regions for samples D15F and D15S (Fig. Sa, c) was also
observed. In the D15F sample, it is possible to observe the
presence of more carbides and fewer oxidation-dissolution
zones, indicating that the temperature was not enough high
for dissolving the carbides probably because of the lesser
exposition time to the flame.

The thicknesses of the coatings were around 210, 205,
and 200 um and the hardness was 960 + 43,913 + 37, and
950 £ 39 HVN3;q for samples D15S, D15H, and D15F,
respectively, showing only a small difference in these
parameters for the different coatings studied. The lowest
hardness of D15H sample can be associated with the lower
number of chromium carbides.

3.2 Tribological Properties

3.2.1 Sliding Wear Test (Ball-on-Disk). The evolution
of the friction coefficient during the ball-on-disk test for
all coatings are shown in Fig. 6, where it can be clearly
seen that for the first 700 m of sliding, thermal spray
coatings have higher friction coefficient than aluminum
alloy. The mechanism that explains the sliding behavior of
thermal spray coatings is the adhesion of the metallic
binder to the counterpart followed by the pulling out of
the carbides. The adhesion of the metallic phase promotes
the increase of the friction coefficient, while the pullout
of the ceramic phase generates a third body involved in

| ? -y
28k 0" X350 4 50

Fig. 4 SEM cross-section images of samples (a) D15S, (b) D15H, and (c) D15F
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Fig. 5 SEM cross-section images of samples (a) D15S, (b) D15H, and (c) D15F

the sliding process that acts as an abrasive material. The
abrasion generated during the friction test leads to an
increase in the material loss. For the aluminum alloy
sample, there are two different wear mechanisms involved.
During the first 700 m of test, the high hardness of the
counterpart (and also the normal load applied) produces
plastic deformation in the aluminum surface, leading to a
pulling out of material during sliding. This process pro-
duces debris that is pulled out during the sliding test,
increasing the amount of material loss and decreasing the
friction coefficient. After 700 m of test, the friction coef-
ficient for the aluminum alloy increases up to the same
value as observed for the coatings. It is well known that
aluminum alloys are very sensitive to the temperature
effect involved in the sliding process (Ref 38). Thus, for
700 m or more of test (a large number of cycles), the high
temperatures achieved lead to an increase of the friction
coefficient because of the transition from mild to severe
wear, commonly observed in metals (Ref 38).

The SWLI profilometric images of the wear tracks are
shown in Fig. 7. It can be clearly seen that the volume loss
and material transferred from the counterpart is higher in
the aluminum alloy than for samples with thermal spray
coatings. When comparing all coatings, the lowest mate-
rial loss was observed for sample D15F, which could be
because of the presence of a great amount of unmelted
powder particles in the coating.

After the sliding tests, SEM images of wear tracks show
a high amount of material transferred between the

Journal of Thermal Spray Technology
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Fig. 6 Evolution of the friction coefficient for samples D158,
D15H, D15F, and AA70050 aluminum alloy

counterpart and the aluminum surface. An EDS analysis
performed on a flake adhered on the wear track of sample
D15S (Fig. 7d) showed peaks attributed to tungsten. For
samples D15F and D158, a high quantity of debris on the
surface was observed. The debris are generated by the
pulling out of the material (third body, which includes
ceramic and metallic phases), and during the sliding pro-
cess this material is deformed and remains stuck between
the counterpart and the surface. So, particles with flaked
shape on the surface of the wear track are formed as a

Volume 18(3) September 2009—357

PaMaInay 1984




3
=
2
]
c
w
8
Q

Fig. 7 SWLI and SEM images of the wear tracks after ball-on-disk tests for (a) AA7050-T7 aluminum alloy, (b) D15H, (c¢) D15F, and

(d) D158

consequence of this process (Fig. 7). However, the
metallic phase is mainly responsible for the formation of
the flakes on the surface of the wear track. Nevertheless, it
seems that the amount of carbides removed from the
matrix was lower for samples D15F and D15S than for
sample D15H. This behavior could be due to: (a) at the

358—Volume 18(3) September 2009

beginning of the test, the adhesion process in sample
D15H takes place in a higher amount than for the other
coatings and then, (b) when the abrasion mechanism
begins it takes place in a larger amount than for samples
D15F and D15S. The presence of a high amount of
oxidation-dissolution areas in sample D15H could be

Journal of Thermal Spray Technology
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Fig. 8 Abrasive wear rate vs. time for samples D15S, D15H,
and D15F, and AA7050-T7 aluminum alloy

responsible for its greater adhesion when compared with
the other thermal spray coatings.

3.2.2 Abrasive Wear Test. Figure 8 shows the evolu-
tion of the abrasive wear rate versus time for all coatings
and aluminum alloy. It can be observed that the wear rate
of the same order of magnitude was measured for all
coatings. Nevertheless, the aluminum alloy shows a wear
rate about 10 times higher than that of thermal spray
coatings. Therefore, it can be concluded that all coatings
here obtained can offer good protection against abrasive
wear for the AA7050-T7 aluminum alloy.

Rubber wheel tests were carried out without previous
preparation of the samples surfaces. For shorter testing
times, the decrease in the wear rate was higher for the
thermal spray coatings than for the aluminum alloy due to
the different initial surface roughness (Ra). This differ-
ence decreases until a steady state is achieved, and then
the wear rate of the sample begins to stabilize. The mea-
sured wear rates were: 3.2 x 107> £ 3.4 x 107% 4.5 x
107°+£47 x100%33 x 1077 £23 x 107%21 x 107* £
5.4 x 107> mm> N/m for samples D15S, D15F, D15H, and
aluminum alloy, respectively. These results indicated small
differences in wear rate among thermal spray samples.
Aluminum alloys are tougher than Cr;C,-NiCr coatings,
and their low hardness leads to a higher material loss
during abrasion process.

3.3 Electrochemical Results

3.3.1 Eoc Measurements. Figure 9 shows the open-
circuit potentials (Eqc) for samples D15S, D15H, and
D15F and the AA7050-T7 aluminum alloy obtained in
unstirred and aerated 3.5% NaCl solution during 24 h of
immersion. For the AA7050-T7 aluminum alloy, the Eoc
value increased from —0.69 to —0.62 V during the first 5 h
of immersion and oscillated around this potential value
until the end of the experiment. The Eqc values suggest
that aluminum oxide is present on the alloy surface even
before immersion, and it is modified in the chloride-
containing solution by two processes occurring in the pits

Journal of Thermal Spray Technology
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Fig. 9 Open-circuit potential (Eoc) vs. time curves for
AA7050-T7 aluminum alloy and samples D15S, D15H, and D15F
recorded in unstirred and aerated 3.5% NacCl solution

region: dissolution and repairing. These two phenomena
are responsible for the potential oscillation.

For all coatings, the Eoc values decayed during the
initial times of immersion stabilizing in —0.26 V (D15F),
—0.52 V (D15H), and —0.78 V (D15S) after 24 h of
immersion in 3.5% NaCl solution. The initial potential
decaying is probably caused by the electrolyte penetration
through the coating. The coating alone presented a less
negative Egc value (—0.18 V), and when the electrolyte
reaches the Al substrate a galvanic pair is formed and the
corrosion process at the coating/substrate interface can be
accelerated. As a result the substrate is attacked and
coating detachment can occur. Sample D15S showed the
lowest Eoc value suggesting a rapid electrolyte penetra-
tion through the coating to reach the substrate. The oxide
dissolution creating defects, pores and cracks facilitates
the electrolyte penetration, and the corrosion of substrate
is caused by the attack by chloride ions, leading to the
formation of great amount of pitting corrosion products.
The corrosion products can block the pores/cracks of the
coating. However, for this sample it seems that oxide
dissolution and some active sites are maintained in the
regions where the electrolyte is in contact with the sub-
strate. The final open-circuit potential measured is close to
that for aluminum alloys in aerated chloride-containing
solutions (Ref 40). Sample D15F showed the highest Eqc
value, close to the one observed for the coating alone. It
suggests a slow electrolyte penetration through the coat-
ing, delaying its contact with the substrate. This can be
attributed to a denser and more homogeneous structure
due to the high compressed air flow used during the
thermal spray process, which produces a more compact
coating. The D15H showed an intermediary behavior
between samples D15SF and D15S because of the lower
impact velocity of the particles and higher temperature of
the flame.

3.3.2 EIS Measurements. Figure 10 shows experimen-
tal Nyquist and Bode plots for all samples carried out after
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Fig. 10 Experimental (a) complex plane plots and (b) log IZI
and —¢ vs. log (f) Bode plots for samples D15S, D15H, and D15F
obtained in unstirred and aerated 3.5% NaCl solution after 26 h
of immersion

26 h of immersion in chloride solution at open-circuit
potential. The Nyquist plot (Fig. 10a) showed a capacitive
semicircle that increases according to the following order:
D15F > D15H > D15S and the value of total impedance
measured at 10 mHz was about 90, 34, and 11 kQ for
D15F, D15H, and D15S, respectively. These results are in
good agreement with the tendency shown by Eqc values.
Figures 10(b) and 11 show the evolution of Bode data with
the immersion time and no changes in time constants and
phase angle attributed to the coating response for samples
D15H and D15F. Sample D15S shows a constant phase
angle for 1 and 6 h of immersion at high frequency, which
decreases with time (25 h) and shifts to lower frequency,
followed by a dispersion of the data at low frequency. This
is a clear indication that a coating degradation is in pro-
gress, suggesting that the contribution of the substrate to
the global electrode process increased as the immersion
time increased, probably because of the pit formation.
Sample D1SF presented a time constant at higher fre-
quencies (Fig. 10b and 11b), which was associated with the
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Fig. 11 Experimental log IZl and —¢ vs. log (f) Bode plots for
samples D15S (a), D15F (b), and D15H (c) for different
immersion times at 25 °C

response of the coating and embraces a large range (from
almost 1 kHz to 1 Hz) of frequencies with a constant
phase angle near 75° throughout this frequency range,
indicating a more capacitive behavior due to the compact
structure of this coating. The higher compactness of this
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Fig. 13 Potentiodynamic polarization curves for D15S, D15F,
D15S samples and aluminum alloy 7050 in unstirred and aerated
3.5% NaCl solution

coating likely prevents the corrosion of the substrate by
pitting attack during the testing, and since both the sub-
strate and coating corresponding time constants remain
the same no coating degradation is evident. In the case of
D15H, the phase angle remains constant with immersion
time at high frequencies, while the one at low frequencies
decreases, suggesting some modification on the substrate
surface. For samples D15H and D15S, Bode phase plots
(Fig. 10b and 11a, c) showed a well-defined time constant
embracing around 10 Hz and centered at 10 and 2 Hz,
respectively, with a phase angle from 65 to 70°. This time
constant is related to the coating and aluminum oxides
mainly for the D15S sample. For the D15SH and D15S
samples, another time constant seems to appear at low-
frequency region with a maximum at 0.1 Hz, which is
associated to the pitting process or corrosion of substrate.

Journal of Thermal Spray Technology

The samples were also analyzed after 72 h of NaCl
solution (Fig. 12). The following values for the total
impedance were measured: 100 kQ (D15F), 0.5 kQ
(D15H), 0.4 kQ (D15S). It is clear that the total imped-
ance values significantly decreased (6 and 4 times) with
immersion time for samples D15H and D15S, while no
great change for sample D15F was observed. Then, the
thermal spray parameters have strong influence on the
total resistance values of these samples, and the D15F
sample presents a corrosion resistance around 200 times
higher than the others.

3.3.3 Polarization Studies. Potentiodynamic polariza-
tion curves for all the coatings and aluminum 7050 alloy
were recorded in aerated sodium chloride solution
(Fig. 13). The estimated corrosion potential (V) values
were: —0.22 (D15F) > —0.33 (D15S) > —0.37 (D15H) >
—0.67 (AA7050 alloy), while the corrosion current
(i/uA cm~?) values were: 0.03 (D15F) < 0.32 (D15S)=
0.32 (D15H) <« 1.1 (AA7050 alloy), indicating a corrosion
potential difference of around 450 mV and 2 orders of
magnitude in the current corrosion density between the best
coating and the substrate. Therefore, the D15F sample
showed the best performance among the coatings to protect
the aluminum alloy substrate against corrosion in chloride
solution, since it presented the most positive E,,, and the
lowest corrosion current density value. Samples D15H and
D15S showed similar E,,, and current density values, but
their corrosion potential and corrosion current density were
higher than aluminum alloy.

4. Conclusion

The present study clearly demonstrated the possibility
of applying CrzC,-NiCr coatings on aluminum alloys
without an intermediary metallic layer to minimize the
effects of the very different thermal expansion coefficient
between the coating and the aluminum alloy.
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The structural characterization of the different coatings
showed that samples prepared using higher oxygen or
higher compressed air flux are well-bounded to the sub-
strate, while the sample prepared using the standard
conditions showed cracks with some delaminating inside
the coating. The coating prepared using higher com-
pressed air flux is denser than the others.

All studied coatings presented high sliding compared
with the aluminum alloy, and the abrasive wear resistance
was at least 10 times higher than for the AA7050-T7
aluminum alloy. The coating sprayed using higher carrier
gas flux showed the highest corrosion resistance in 3.5%
NaCl solution, and no pitting attack to the substrate
occurred even after around 26 h of test.

Tests performed for longer immersion times (72 h)
showed that the total impedance values significantly
decreased (6 and 4 times) for samples sprayed using
standard and higher oxygen flux, and no great change for
sample sprayed using higher carrier gas flux was observed.
The last sample presents a corrosion resistance around
200 times higher than the others.
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