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Cold spraying is a thermal spray process enabling the production of metallic and metal-ceramic coatings
with low porosity and low oxygen content, capable of, e.g., resisting corrosion. The aim of this study was
to characterize the microstructural and mechanical properties of cold-sprayed Ni-20Cr+Al2O3 coatings
and to clarify the effect of the hard particles on different coating properties. Accordingly, the research
focused on the microstructure, denseness (impermeability), adhesion strength, and hardness of the
coatings. Scanning electron microscopy (SEM) analysis and corrosion tests were run to gain information
on the through-porosity. Ceramic addition in cold-sprayed Ni-20Cr+Al2O3 coatings improved their
quality by lowering their porosity. Moreover, hardness was slightly higher than those of cold-sprayed
Ni-20Cr coating, indicating a hardening effect by the ceramic particles. The addition of Al2O3 also made
it possible to use high gas temperatures without nozzle clogging, which affects coating properties, such as
coating thickness, denseness, and hardness.
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1. Introduction

Cold spraying, one of the latest thermal spray tech-
niques, developed in the former Soviet Union in the 1980s,
is based on lower gas temperatures and higher particle
velocities than those encountered in other thermal spray
methods (Ref 1). In the cold spray (CS) process, a gas is
accelerated to supersonic velocity by a converging-
diverging de Laval type nozzle (Ref 2). A coating is
formed when powder particles at high velocities (high
kinetic energy) impact on the substrate, deform, and
adhere to it or to other particles. In addition, good
bonding between CS powder particles requires a high
plastic deformation during particle impact (Ref 3-5).
Powder particles adhere to the substrate in solid form well
below the powder melting temperature, and on impact
deform and bond together, forming a coating (Ref 3). For
successful bonding, deposition conditions should be such
that oxide layers on the particle surfaces are fractured
during impact (Ref 4). Cold spraying can make use of a
wide range of coating and substrate materials, e.g., pure
metals, metal alloys, polymers, and composites (Ref 6).

Usually, thermal-sprayed nickel alloy coatings, e.g.,
nickel chromium alloys, are used for applications requir-
ing resistance to corrosion and oxidation and for repairs
and bond coats (Ref 7). Thus, nickel chromium alloy

coatings are of high interest to CS because the technique
enables the production of metallic and metal-ceramic
coatings with low porosity and low oxygen content. In
these coatings, denseness (impermeability) is the criterion
for good corrosion resistance (Ref 2). CS coatings also
show low residual stresses, rather high adhesion, and
hardness normally higher than that of the corresponding
bulk materials. High hardness is caused by significant
work hardening of the sprayed particles (Ref 3). Calla
et al. (Ref 8) reported that an increased particle velocity
due to an increased driving pressure resulted in more cold
working in the coating, leading to high hardness. High
velocities also result in a high impact deformation at the
interface of both substrate and coating and between par-
ticles. Furthermore, gas temperature affects significantly
the quality of the CS coatings. A high temperature leads to
high velocity and, therefore, to strong impacts. Moreover,
because deposition efficiency (DE) depends on the tem-
perature of the gas, DE is reportedly improved at high gas
temperatures (Ref 9). The gas temperature affects the gas
and particle velocity, meaning higher velocity at higher
temperature. Reportedly, increased particle temperature
also improves the coating quality in the CS process
(Ref 10, 11).

This study sought to investigate the effect of the Al2O3

particles on the properties of CS Ni-20Cr+Al2O3 coatings.
It was found out experimentally some technical spraying
limitations to spray Ni-20Cr powder due to the fact that
high gas temperatures can cause nozzle clogging with
Ni-20Cr particles. To solve such problems, a metallic
powder was mixed with a ceramic powder to eliminate
clogging and, consequently, to make it possible to use
higher gas temperatures. The main function of the Al2O3

addition is to keep the nozzle of the gun clean. Further-
more, Al2O3 particles activate (clean and roughen) the
sprayed surfaces, i.e., through activation the surface
becomes cleaner and more adaptive to the sprayed
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particles, which then stick better to the surface. In addition
to these, Al2O3 particles mechanically affect the coating by
hammering of the substrate/sprayed layers or by the
so-called shot peening effect via particle impacts (Ref 12).
During the particle impacts, collision of the ceramic
particles also increases the deformation of the metallic
particles (compacting effect), which affects the coating
properties and DE particularly in the low-pressure CS
process (Ref 13). In this study, the properties of micro-
structure, denseness, adhesion strength, and hardness were
investigated and three different particle sizes of Al2O3

powders and two different compositions of each particle
size were tested. The aim of this work was to prepare CS
Ni-20Cr+Al2O3 coatings with improved properties using
higher gas temperatures, which were made possible by
spraying Ni-20Cr with a simultaneous Al2O3 injection.

2. Experimental Techniques

Ni-20Cr powder was cold-sprayed with different
parameters: gas temperatures of 500 �C for Ni-20Cr and
700 �C for Ni-20Cr+Al2O3, and with six different metal
alloy-ceramic powder mixtures. A gas-atomized, spherical
Ni-20Cr powder having a particle size of �22.5 + 10 lm,
supplied by H.C. Starck, and as the ceramic addition fused
and crushed, irregular, blocky Al2O3 powders, also from
H.C. Starck were used in this study. Three different par-
ticle sizes of Al2O3 were tested,�90 + 45 lm,�45 + 22 lm,
and �22 + 5 lm, in two different compositions, 50 and 30
vol.%. Grit-blasted (1 mm Al2O3) carbon steel sheets
(50 9 100 9 1.5 mm) were used as substrates.

CS coatings were prepared at Linde AG Linde Gas
Division (Unterschleissheim, Germany) with a CGT
Kinetiks 4000 CS system (high-pressure CS equipment).
Spraying parameters for the CS Ni-20Cr+Al2O3 and
Ni-20Cr coatings are shown in Table 1. All Ni-20Cr+
Al2O3 powders were sprayed using the same parameters.
The CS Ni-20Cr without added Al2O3 particles could not
be sprayed at high temperature, i.e., at 700 and 600 �C,
because powder clogged the nozzle, therefore, the tem-
perature had to be dropped to 500 �C. This is the reason
the Ni-20Cr coating was sprayed at 500 �C whereas
Ni-20Cr+Al2O3 coatings at 700 �C (Al2O3 particles made
it possible to use higher gas temperature). Furthermore,
the reason for the use of the higher gas temperature with
the Ni-20Cr+Al2O3 powders was that reportedly high
temperatures improve the coating quality (Ref 11).

The coatings were characterized using a Philips XL30
scanning electron microscope (SEM). Microstructures of
the coatings were studied from unetched metallographic
cross section samples, and surfaces were analyzed with a
Leica MZ7.5 stereomicroscope (SM). Al2O3 fractions were
calculated from the coating cross sections using image
analysis (ImageJ). Coating thicknesses were measured
from cross sections of the coatings as an average of eight
measurements, whereas the coating denseness and espe-
cially the through-porosity were studied using spray tests
and open-cell electrochemical potential measurements.
The salt spray test was done according to the ASTM B117
standard. Substrates were masked with epoxy paint before
testing in order to allow the coating surfaces to be in con-
tact only with the corroding salt spray. A 5 wt.% NaCl
solution was used with an exposure time of 48 h, a tem-
perature of 35-40 �C, a solution pH of 6.3, and a solution
accumulation of 0.04 mL/cm2 h. Surfaces of the coatings
were analyzed visually and amounts (%) of corrosion spots
were characterized using image analysis (ImageJ). The
electrochemical cell used in the open-cell potential mea-
surements consisted of a plastic tube, of diameter 20 mm
and volume 12 mL, glued on the surface of the coating
specimen. A 3.5 wt.% NaCl solution was placed in the tube
for nine-day measurements. Open-cell potential measure-
ments were taken with a Fluke 79 III true RMS multimeter.
A silver/silver chloride (Ag/AgCl) electrode was used as a
reference electrode. Adhesion strength (standard EN-582)
was measured in a tensile test (Instron 1185 mechanical
testing machine) as an average of three measurements.
Vickers hardness (HV0.3) was measured as an average of
ten measurements with a Matsuzawa hardness tester.

3. Results and Discussion

Nickel alloys are known for their good corrosion
resistance. Furthermore, nickel alloy coatings give pro-
tection against wet corrosion to steel substrates that
require a fully dense (overall dense) coating. The effect on
the coating properties (denseness and mechanical prop-
erties) of added Al2O3 particles in the Ni-20Cr powder
were investigated. The addition of Al2O3 powder was
studied to decrease the coating porosity and to enable the
use of higher gas temperatures.

3.1 Microstructure

The microstructure of a Ni-20Cr coating is shown in
Fig. 1. Some pores and defects appear in the coating

Table 1 Spraying parameters of CS Ni-20Cr+Al2O3 and CS Ni-20Cr coatings

CS coating Process gas Pressure, bar Gas temperature, �C N2 flow rate, m3/h
Traverse speed,

m/min Number of layers

Ni-20Cr+Al2O3 N2 37 700 82 20 3
Ni-20Cr N2 36 500 95 20 3

Spraying distance was 40 mm. Distance between two adjacent spray beads was 1.5 mm
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structure mostly near its surface. It is worth noting that the
Ni-20Cr coating without an Al2O3 addition was sprayed at
a low gas temperature (500 �C). At higher temperatures
(600 and 700 �C), the Ni-20Cr powder clogged the nozzle;
therefore, 500 �C was the highest gas temperature which
could be used in this study without nozzle clogging. At
higher temperatures, Ni-20Cr particles were possibly in a
soft-state because of thermal softening and thus, easily
stuck to the surface of the nozzle whereas the Al2O3

particles mixed with Ni-20Cr particles apparently kept the
nozzle clean and eliminated clogging. In the powder
(metallic-ceramic particle mixture)—gas flow, ceramic
particles can prevent metallic particles from sticking inside
the nozzle wall at higher preheating temperatures. This
arises from the durability of ceramic particles (high
hardness and high melting point). Therefore, this study
shows the comparison between Ni-20Cr and Ni-20Cr+
Al2O3 coatings sprayed with the optimal gas tempera-
tures for these coating materials (Ni-20Cr: 500 �C and
Ni-20Cr+Al2O3: 700 �C).

Figure 2 shows microstructures of Ni-20Cr+Al2O3

coatings with Fig. 2(a) and (d) corresponding to an Al2O3

particle size of �90 +45 lm, Fig. 2(b) and (e) to a particle
size �45 + 22 lm, and Fig. 2(c) and (f) to �22 + 5 lm with
both compositions of 50% and 30%, respectively. In the
microstructures, the detected dark particles are Al2O3.
Clearly in the coating, the number of Al2O3 particles
decreased with the lower Al2O3 composition (30%).
Furthermore, the coating thickness was greater for the
30% Al2O3 composition (see Fig. 3). Table 2 summarizes
the comparison between Al2O3 fractions in the powder
and in the coating using image analysis on the coating
cross sections in Fig. 2(a) to (f). The finer the Al2O3

particles, the better their chance of developing a velocity
high enough to impact on a substrate and stick to its sur-
face or to other particles (Ref 14). However, in some cases
though fine particles may have high acceleration velocity,
they also rapidly lose it after the nozzle because of
bow shock waves (Ref 14). This is a possible reason
that the Ni-20Cr+Al2O3 (�22 + 5 lm) coating contained
lower amount of Al2O3 particles in its structure
than Ni-20Cr+Al2O3 (�45 + 22 lm) coating. In addition,

spraying materials have specific ranges of particle size
(fine to coarse) at critical velocity (Ref 14). Adding Al2O3

particles to the metallic powder could extend the spraying
conditions (possibility to use high gas temperature)
to improve coating properties (e.g., microstructural
properties).

Figure 3 summarizes the thicknesses of the CS
Ni-20Cr+Al2O3 and Ni-20Cr coatings. Clearly, a higher
coating thickness was achieved with less Al2O3 (30%
instead of 50%) arisen from the initial powder composi-
tion. An Al2O3 addition improved the metallic deposition
buildup (comparison between coating thicknesses and
volume amount of metallic particles (100%, 70%, or 50%)
in the powder mixtures), suggesting a compacting and
peening effect of the hard particles together with an
influence of higher gas temperature. This result was
achieved with all the metal-ceramic powder mixtures; the
best result was obtained with the 30% Al2O3 composition.
Metallic particles have higher capability to build up the
deposition (due to the capability to undergo plastic
deformation during impact) than ceramic particles. Thus,
powder with higher amount of Ni-20Cr particles (lower
amount Al2O3) has higher deposition buildup. Moreover,
coating thicknesses increased slightly as the Al2O3 parti-
cles increased in size. This is possible due to the highest
compacting effect of Al2O3 particles during spraying.

Figure 4 compares the cross section regions near to the
surfaces of Ni-20Cr and Ni-20Cr+50Al2O3 (�90 + 45 lm)
coatings. In Fig. 4(a), the dark areas are pores and in
Fig. 4(b) they are mainly Al2O3 particles. The Ni-20Cr
coating had a porous layer with more open particle
boundaries on top, whereas the Ni-20Cr+50Al2O3 coating
was dense with only a few pores, indicating a densifing
effect by the use of Al2O3 particles and higher gas
temperature.

Adding Al2O3 particles to the metallic Ni-20Cr powder
was observed to affect the coating�s microstructure and
thickness. In this study, the most important function of the
Al2O3 powder was the possibility to use a high gas tem-
perature to obtain a high deposition buildup. Further-
more, the porosity of the Ni-20Cr+Al2O3 coatings
decreased with a Al2O3 addition, as confirmed by SEM
examinations. The sprayed surfaces (substrate or previous
coating layers) were activated and hammered by Al2O3

particles and higher gas temperatures were made possible
due to the barrel cleaning action of the Al2O3 particles
producing a denser coating structure (noticed also in
corrosion studies, in Section 3.2).

3.2 Coating Denseness

A salt spray test was run to analyze the denseness of the
coatings and the effect of the added Al2O3 particles on the
protective behavior of Ni-20Cr+Al2O3 coatings. A pure
Ni-20Cr coating was also tested for reference. Figure 5
shows a SM image of the Ni-20Cr coating surface after a
48-h exposure in a salt spray chamber. The surface was
strongly corroded because corrosion products from the
substrate could openly diffuse from the coating interface
to its surface (through-porosity; brown areas in Fig. 5).

Fig. 1 Microstructure of CS Ni-20Cr coating on grit-blasted
steel substrate, SEM image
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After 48 h in the salt spray chamber, the Ni-20Cr+
Al2O3 coatings showed spots of pit corrosion by visual
quantification. SM images of Ni-20Cr+Al2O3 coating sur-
faces are shown in Fig. 6. In addition, the Ni-20Cr+
30Al2O3 exhibited more corrosion spots than the corre-
sponding Ni-20Cr+50Al2O3, a behavior observed with all
particle sizes of Al2O3 powders. A quantitative analysis
(%) of corrosion spots on the surfaces of the Ni-20Cr and
Ni-20Cr+Al2O3 coatings were characterized from Fig. 5
and 6(a) to (f). Results of amount of corrosion areas are
45.5% (Ni-20Cr), 0.8% (Ni-20Cr+50Al2O3, �90 + 45 lm),
1.9% (Ni-20Cr+50Al2O3, �45 + 22 lm), 3.3% (Ni-20Cr+
50Al2O3, �22 + 5 lm), 1.7% (Ni-20Cr+30Al2O3, �90 +
45 lm), 2.2% (Ni-20Cr+30Al2O3, �45 + 22 lm), and 5.2%

(Ni-20Cr+30Al2O3, �22 + 5 lm). The Ni-20Cr+Al2O3

coatings contained less through-porosity than the pure
Ni-20Cr coating indicating higher denseness of the
Ni-20Cr+Al2O3 coating. The through-porosity of the
Ni-20Cr+Al2O3 coatings decreased with an increasing size
of Al2O3 particles. On the other hand, the through-
porosity of the Ni-20Cr+50Al2O3 dropped below that of
the 30% composition.

CS coatings were slightly porous (contained through-
porosity), a fact that was already shown already in previ-
ous corrosion results (Ref 15, 16). Existing porosity
(especially through-porosity) is very detrimental to cor-
rosion resistance especially in wet conditions. Salt spray
tests and open-cell potential measurements as auxiliary

Fig. 2 Microstructure of CS (a) Ni-20Cr+50Al2O3 (�90 + 45 lm), (b) Ni-20Cr+50Al2O3 (�45 + 22 lm), (c) Ni-20Cr+50Al2O3 (�22 +
5 lm), (d) Ni-20Cr+30Al2O3 (�90 + 45 lm), (e) Ni-20Cr+30Al2O3 (�45 + 22 lm), and (f) Ni-20Cr+30Al2O3 (�22 + 5 lm) coatings on
grit-blasted steel substrate, SEM images
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tests were useful and fast methods to analyze the existing
through-porosity in the coating structures. Open-cell
potential measurements were taken to identify the existing
through-porosity in the Ni-20Cr+Al2O3 coatings. The
open-cell potential of the substrate material (Fe52) was
�700 mV (Ref 16). When open-cell potential of a coating
approaches the open-cell potential of the substrate, a salt
solution has open access to penetrate from the coating
surface into the interface of the coating and the substrate.
The effect of an Al2O3 addition on the Ni-20Cr+Al2O3

coating denseness was tested with open-cell potential
measurements. Results are presented in Fig. 7. The open-
cell potential of the Ni-20Cr was not measured because of
its weak protection in the salt spray test, the two methods
being complementary. The open-cell potential measure-
ments showed existing through-porosity in the coatings.
Nevertheless, the Ni-20Cr+50Al2O3 (�90 + 45 lm) coat-
ing showed the fewest weak points after the salt spray
test (Fig. 6a) and a slightly higher open-cell potential
than the other coatings, indicating a somewhat lower
through-porosity.

According to SEM analysis (Figs. 1 and 4a) and the salt
spray test (Fig. 5), the Ni-20Cr coating had several weak

points and in addition, the salt spray test showed
through-porosity in the coating structure. After the salt
spray test, the coating surface was mostly corroded (iron
oxide), and the salt solution had penetrated into the
interface between the coating and the substrate, indicating
an existing through-porosity. In addition, pores and
especially a porous layer near the surface were evident in
the SEM images. Compared to the Ni-20Cr coating, the

Fig. 3 Thickness (and standard deviations) of CS Ni-20Cr+
Al2O3 coatings with 30% or 50% Al2O3 (Al2O3 particle sizes:
�90 + 45 lm, �45 + 22 lm, and �22 + 5 lm) and Ni-20Cr coating

Table 2 Fractions of Al2O3 particles in the powder
and in the CS Ni-20Cr+Al2O3 coatings analyzed from
cross sections of the coatings by image analysis

Powder/coating
Fraction of Al2O3

in the powder, vol.%
Fraction of Al2O3

in the coating, vol.%

Ni-20Cr+50Al2O3

(�90 + 45 lm)
50 8.2

Ni-20Cr+50Al2O3

(�45 + 22 lm)
50 11.2

Ni-20Cr+50Al2O3

(�22 + 5 lm)
50 10.1

Ni-20Cr+30Al2O3

(�90 + 45 lm)
30 3.6

Ni-20Cr+30Al2O3

(�45 + 22 lm)
30 6.4

Ni-20Cr+30Al2O3

(�22 + 5 lm)
30 5.2

Fig. 4 Coating structure near the surface of CS (a) Ni-20Cr and
(b) Ni-20Cr+50Al2O3 (�90 + 45 lm) coatings, BSE images
(SEM)

Fig. 5 Strongly corroded surface of CS Ni-20Cr coating after
48-h salt spray test, SM image
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microstructural properties of the Ni-20Cr+Al2O3 coatings
improved with the addition of Al2O3 particles together
with high gas temperature. Their denseness improved
noticeably with all compositions and particle sizes of
Al2O3. However, because of a few weak spots, they lacked

a fully dense microstructure. In this study, the Ni20-
Cr+50Al2O3 (�90 + 45 lm) coating, though not even fully
dense, was the most protective with the best imperme-
ability with only a few pit-type corrosion spots detected on
its surface.

Fig. 6 Surface of CS (a) Ni-20Cr+50Al2O3 (�90 + 45 lm), (b) Ni-20Cr+50Al2O3 (�45 + 22 lm), (c) Ni-20Cr+50Al2O3 (�22 + 5 lm),
(d) Ni-20Cr+30Al2O3 (�90 + 45 lm), (e) Ni-20Cr+30Al2O3 (�45 + 22 lm), and (f) Ni-20Cr+30Al2O3 (�22 + 5 lm) coatings after 48-h
salt spray test, SM images
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3.3 Mechanical Properties

The Ni-20Cr+Al2O3 coatings were tested for adhesion
strength and hardness to obtain information on the effect
of the Al2O3 particles on some mechanical properties. In a

previous study (Ref 17), the adhesion strength of a
Ni-20Cr coating on a steel substrate was 31 MPa, which
was used as a reference in this study. The adhesion
strength of Ni-20Cr+Al2O3 coatings is shown in Fig. 8. In
the all cases, failure occurred at the interface between
coating and substrate. The Ni-20Cr+Al2O3 coatings
showed an adhesion strength of 25-38 MPa, whereas
the Ni-20Cr+50Al2O3 (�22 + 5 lm) coating obtained the
highest adhesion strength. The adhesion strengths of the
Ni-20Cr+Al2O3 coatings were slightly higher than that of
the Ni-20Cr coating depending on the composition.
Because adding Al2O3 particles to the metallic Ni-20Cr
powder only slightly affected the adhesion strength, it can
conclude that in all cases, with and without an Al2O3

particles mixing, the adhesion strengths between the
Ni-20Cr coatings and substrates were acceptable, indicating
a reasonable adhesion between coatings and substrates.

Figure 9 shows the Vickers hardness (HV0.3) of
Ni-20Cr+Al2O3 and Ni-20Cr coatings. For the Ni-20Cr
coating, it was 240 HV0.3 and between 320 and 340 HV0.3

for the Ni-20Cr+Al2O3 coatings. The Al2O3 particles
affected the hardness by increasing its value, the effect
arising from hardening by the hard particles. In addition
to the effect of Al2O3 particles, high gas temperature
affected the properties of coatings deposited. The effect
of the Al2O3 addition on hardness was noticeable. In the
hardness measurements, the indentations were taken in
the metallic coating areas to evaluate the behavior of
the metallic Ni-20Cr particles. The high hardness of the
Ni-20Cr+Al2O3 coatings was reflected in their high work
hardening (Ref 8). More hardening (compacting effect of
Al2O3 particles) occurred at higher particle velocities
(Ref 9) caused by the high gas temperature. Comparison
of the Ni-20Cr and Ni-20Cr+Al2O3 coatings revealed
that, the Al2O3 addition together with a high gas tem-
perature had a pronounced effect on microstructural
properties and on hardness values. A high hardness was
caused by the work hardening of the particles together
with high plastic deformation during impacts. On the
other hand, the Al2O3 particles may also have reinforced
the structure and thereby increased the hardness. In this
study, the particle size and composition of Al2O3 had no
clear effect on hardness.

4. Conclusions

Adding ceramic particles, in this study Al2O3, affected
the properties of coating deposited by CS process. On the
other hand, Al2O3 particles mixed with a metal alloy
powder also had a technical spraying effect on the process
parameters: they enabled the use of a higher gas temper-
ature (700 �C) without clogging the nozzle. Adding Al2O3

powder affected mostly the microstructure. With the
Al2O3 particles (high gas temperature) and compared to
the Ni-20Cr coating, the metallic deposition buildup
(coating thickness) of the Ni-20Cr+Al2O3 coatings
increased. Their coating thickness increased with an
increasing particle size and a decreasing composition of

Fig. 7 Open-cell potential (vs. Ag/AgCl) of CS Ni-20Cr+Al2O3

coatings with 30% or 50% Al2O3 (Al2O3 particle sizes:
�90 + 45 lm, �45 + 22 lm, and �22 + 5 lm) as a function of
exposure time

Fig. 8 Adhesion strengths (and standard deviations) of CS
Ni-20Cr+Al2O3 coatings with 30% or 50% Al2O3 (Al2O3 particle
sizes: �90 + 45 lm, �45 + 22 lm, and �22 + 5 lm)

Fig. 9 Vickers hardness HV0.3 (and standard deviations) of CS
Ni-20Cr+Al2O3 coatings with 30% or 50% Al2O3 (Al2O3 particle
sizes: �90 + 45 lm, �45 + 22 lm, and �22 + 5 lm) and CS
Ni-20Cr coating
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Al2O3. The Ni-20Cr coating showed prevalent through-
porosity, as demonstrated by corrosion products from the
substrate on its surface after a salt spray test. The Al2O3

addition markedly affected the denseness of the
Ni-20Cr+Al2O3 coatings with only a few pit-type corro-
sion spots visible on their surface. Obviously, the coatings
did not have a fully, evenly dense structure, but they
showed clear improvement. Moreover, adding Al2O3

particles decreased also the coatings� porosity in compar-
ison with Ni-20Cr. The Al2O3 addition had a minor effect
on the coatings� mechanical properties. The Ni-20Cr and
Ni-20Cr+Al2O3 coatings showed reasonable adhesion
strengths of about 30 MPa. The Al2O3 addition affected
more the hardness of the coating�s metallic part by
increasing it, indicating reinforcement and high plastic
deformation of the Ni-20Cr particles due to the high gas
temperature.

Though high-pressure CS process uses mostly metallic
powders, this study shows that metal alloy-ceramic powder
blends could also be used. Generally, the composition of
the powder depends on the properties desired for the
coating. However, coating properties can be improved and
spraying parameters extended by adding Al2O3 particles
to Ni-20Cr powder. Furthermore, for pure Ni-20Cr coat-
ing, the powder must be optimized to make full use of a
high gas temperature. The results of this study are prom-
ising, but for CS coatings, optimization of the powders and
parameters is needed to produce fully, evenly dense
coatings.
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