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Electrolytic codeposition is a promising alternative process for fabricating
MCrAlY coatings. The coating process involves two steps, i.e., codeposition of
CrAlY-based particles and a metal matrix of Ni, Co, or (Ni,Co), followed by a
diffusion heat treatment to convert the composite coating to the desired
MCrAlY microstructure. Despite the advantages such as low cost and non-
line-of-sight, this coating process is less known than electron beam-physical
vapor deposition and thermal spray processes for manufacturing high-tem-
perature coatings. This article provides an overview of the electro-codeposited
MCrAlY coatings for gas turbine engine applications, highlighting the unique
features of this coating process and some important findings in the past
30 years. Challenges and research opportunities for further optimization of
this type of MCrAlY coatings are also discussed.

INTRODUCTION

To improve high-temperature oxidation and cor-
rosion resistance of critical superalloy components in
gas turbine engines, metallic coatings such as diffu-
sion aluminides or MCrAlY overlays (where M = Ni,
Co, or Ni + Co) have been employed, which form a
protective oxide scale during service.1 Whether a
thermal barrier coating (TBC) is applied, the resis-
tance to oxidation and hot corrosion relies on the
metallic coatings. Compared with diffusion coatings,
MCrAlY overlays are more flexible in terms of com-
position selection for achieving a more balanced
combination of coating properties. Another advan-
tage of the MCrAlY coatings is their lower ductile-to-
brittle transition temperature (DBTT), which makes
them more resistant to cracking upon thermal
cycling.1 A typical MCrAlY coating contains 18–22%
Cr, 8–12% Al, and up to 0.5% Y (in wt.%), and it
consists of a ductile c solid solution and a dispersion of
b-Ni(Co)Al.2 While offering some improved environ-
mental resistance, the addition of Co (10–30 wt.%) to
NiCrAlY is found to be favorable to coating ductil-
ity.2,3 Small amounts of reactive elements, such as Y,
are added to improve the oxide scale adhesion.4,5

Other modifications include replacement of Y
with Hf or a combination of Y and Hf.3,6 More com-
plex MCrAlY coatings have also been developed,

containing additional elements such as Pt, Si, Ta, or
Re, to further enhance environmental resistance and/
or mechanical properties.3

The state-of-the-art techniques for depositing
MCrAlY coatings include electron beam-physical
vapor deposition (EB-PVD) and thermal spray pro-
cesses.1 Despite the flexibility they permit, these
techniques remain line-of-sight, which can be a
drawback for depositing coatings on complex-shaped
components, in addition to the high cost of the
EB-PVD process.6 Alternative methods of making
MCrAlY coatings have also been reported, including
electrolytic codeposition,7–10 electrophoresis,11–13

and autocatalytic electroless deposition,14,15 among
which electro-codeposition seems to be a more
promising coating process. Although a broad range
of high-performance composite coatings have been
synthesized via the electro-codeposition process, in
contrast to EB-PVD or thermal spray, the technique
is less known for depositing coatings for high-tem-
perature applications. This article provides an
overview of the MCrAlY coatings fabricated via
electro-codeposition, highlighting the unique fea-
tures of this coating process and some important
findings in the past 30 years. At the end of the
article, challenges and research opportunities for
further optimization of this type of MCrAlY coatings
are discussed.
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MCrAlY COATINGS VIA ELECTRO-
CODEPOSITION

General Aspects of Electro-codeposition

Electrolytic codeposition (also called composite
electroplating) is a process in which fine powders
dispersed in an electroplating solution are code-
posited with the metal onto the cathode (specimen)
to form a multiphase composite coating.16,17 Both
conductive and inert particles can be codeposited in
a metal matrix.18 Dispersion of hard ceramic parti-
cles, such as SiC, WC, TiO2, Al2O3, SiO2, and dia-
mond, has been used to strengthen metallic coatings
and improve wear resistance.19–22 Solid lubricant
particles such as polytetrafluoroethylene (PTFE)
and graphite have also been employed to produce
self-lubricated composite coatings.23,24 The electro-
codeposition process offers an economic advantage
owing to relatively low capital investment. The
process also consumes much less energy than ther-
mal spray with little material waste (no over-
spray).25 For many applications, this coating
technique is considered as non-line-of-sight because
of high throwing power in the electrolytic process,
which can be utilized to coat components with
recessed portions or complex geometries.6

Compared with conventional electroplating, elec-
tro-codeposition is a more complicated process
because of the particle involvement in metal depo-
sition. It is generally believed that five consecutive
steps are engaged:16,17 (I) formation of charged
particles due to ions and surfactants adsorbed on
particle surface, (II) physical transport of particles
through a convection layer, (III) diffusion through a
hydrodynamic boundary layer, (IV) migration
through an electrical double layer, and finally (V)
adsorption at the cathode where the particles are
entrapped within the metal deposit. The quality of
the electro-codeposited coatings depends on many
interrelated parameters, including the type of elec-
trolyte, current density, pH, concentration of parti-
cles in the plating solution (particle loading),
particle characteristics (composition, surface
charge, shape, size), hydrodynamics inside the
electroplating cell, cathode (specimen) position, and
post-deposition heat treatment if necessary. Liter-
ature reviews have provided more comprehensive
information regarding the general aspects of the
electro-codeposition process.16,17,26–28

Two-Step Process for Fabricating MCrAlY
Coatings

Through a joint research program with Royal
Aircraft Establishment (RAE), Bristol Aerojet
(BAJ), and Polytechnic of the South Bank, an elec-
trolytic codeposition process was developed for
synthesis of MCrAlY coatings.29–31 The develop-
mental rights to this coating process were later
purchased by Praxiar Surface Technologies, Inc.
and are being marketed as their ‘‘Tribomet’’ family

of coatings.32,33 The coating process involves two
steps, as illustrated in Fig. 1. In the first step, pre-
alloyed particles containing elements such as Cr, Al,
and Y are codeposited with the metal matrix of Ni,
Co, or (Ni,Co) to form a (Ni,Co)-CrAlY composite
coating. In the second step, a diffusion heat treat-
ment is applied to promote interdiffusion between
the matrix and the particles and to convert the
composite coating to the desired MCrAlY coating
microstructure with multiple phases of b-NiAl, c-Ni,
etc. Adherent coatings of 70–125 lm have been
obtained using this two-step process.7,8 The heat-
treatment procedure can certainly affect the com-
position and microstructure of the final MCrAlY
coating; however, the coating phase constitution is,
to a great extent, predetermined by the composite
precursor formed in the first step, i.e., the metal
matrix and the CrAlY-based particles.

To deposit the Ni, Co, or Ni-Co matrix, electro-
plating solutions based on sulfate or sulfamate are
generally used. For example, the commonly used
Watts plating bath for Ni plating contains 225–
400 g/L nickel sulfate (NiSO4Æ6H2O), 30–60 g/L
nickel chloride (NiCl2Æ6H2O), and 30–45 g/L boric
acid (H3BO3).34 To form Ni-Co coatings, part of
nickel sulfate in the Watts bath is replaced by cobalt
sulfate (CoSO4Æ7H2O), and a range of Co/Ni ratios
may be obtained.35,36

Pre-alloyed powders such as Cr-37Al-1.7Y (wt.%)
are typically utilized, while other compositions
including Cr-40Al-1.7Y and Cr-50Al-1.7Y (wt.%)
have also been proposed.30 The alloy powder may be
fabricated by atomization or ball milling.8 Good
composite coatings have been achieved using CrAlY
powders with a particle size of 10–15 lm.7,8 The
CrAlY-based particles may contain several inter-
metallic phases, such as Cr2Al, Cr5Al8, and YCr4Al8
for Cr-37Al-1.7Y.37 Small concentrations of addi-
tional elements such as Hf, Ta, and Si can also be
included in the pre-alloyed powder. NiCoCrAlYTa
coatings with �4.5 wt.% of Ta have been developed
to lower the coefficient of thermal expansion (CTE)
and thus reduce the CTE mismatch between
the TBC and the MCrAlY bond coat.33 Other

Fig. 1. Schematic illustration of the two-step process for synthesiz-
ing MCrAlY coatings.
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compositions such as Pt-modified MCrAlY coatings
can also be made using the electrolytic process, in
which a thin layer of Pt (�7 lm) was electroplated
on top of the (Ni,Co)-CrAlY composite layer, fol-
lowed by a similar diffusion treatment.38 Rather
than use pre-alloyed powders, Saremi and Bah-
raini10 and Yang et al.39 synthesized Ni-based
composite coatings by codepositing elemental Cr
and Al particles in an Ni matrix via electro-code-
position. However, these coatings either require
additional steps such as hot dipping to dope Y10 or
do not contain Y at all.39

FACTORS AFFECTING ELECTRO-
CODEPOSITED MCrAlYs

One of the most critical factors that affects the
oxidation and hot corrosion resistance of electrolytic
MCrAlY coatings is the Cr and Al concentrations,
which are determined by the composition of pre-
alloyed CrAlY powder and the amount of CrAlY
particles incorporated in the as-deposited composite

coating. To form an NiCoCrAlY coating with 10
wt.% Al, if Cr-37Al-1.7Y (wt.%) powder is used, then
�40 vol.% of CrAlY particles is required in the
composite.7,30 Achieving such high particle incor-
poration is challenging for many electro-codeposited
coatings.40–43 Several studies aimed at increasing
the CrAlY particle incorporation through optimizing
the processing configurations and parameters of the
codeposition process.7,37,44

Electro-codeposition Configuration

Three configurations have been used in the elec-
tro-codeposition process to fabricate (Ni,Co)-CrAlY
composite coatings, as shown in Fig. 2.37 The ver-
tical and horizontal configurations are often found
in coating research and development due to their
simplicity.41,42,45 When the cathode (specimen) is
placed vertically (Fig. 2a), as seen in a conventional
electroplating process, the percentage of particles in
the composite coating is relatively low due to a
shielding effect of other particles already in contact

Fig. 2. Schematics of the three configurations used in the electrolytic codeposition process: (a) vertical, (b) horizontal, and (c) rotating barrel.37
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with the cathode and in the process of being covered
by the metal deposit.7 The horizontal configuration
(Fig. 2b), also referred to as the sediment codeposi-
tion, was first introduced in 1970s.46 Although the
horizontal setup can yield higher particle incorpo-
ration with the aid of gravity, it has the line-of-sight
disadvantage, and particles can only be incorpo-
rated on the upward-facing surface. The rotating
barrel configuration shown in Fig. 2c is a laboratory
version based on the original design published by
Foster et al.7 and Honey et al.8 The barrel consists
of a rigid polymer frame covered by a membrane
that is impervious to the powder but permeable to
the electrolyte. The specimen is fixed inside the
barrel, rotating with the barrel along the horizontal
axis during deposition. This design overcomes the
line-of-sight problem of the horizontal configuration
while still benefiting from gravity. It also uses sig-
nificantly less powder per unit volume of the solu-
tion by keeping the powder only inside the barrel,
which allows a higher concentration of suspension if
needed.

Figure 3 displays representative cross-sections of
the Ni-CrAlY coatings deposited using the three
configurations.37 The electro-codeposition experi-
ments were carried out in a Watts Ni plating solu-
tion, and the pre-alloyed Cr-37Al-1.7Y powder was
made via arc melting and ball milling, followed by
sieving through the 625-mesh (20 lm) screen. The
vertical configuration produced only 14.0 vol.% ±
4.4 vol.% of CrAlY particles in the composite coat-
ing. While the horizontal setup generated much

higher CrAlY particle inclusion (e.g., 41.7 vol.% ±
7.2 vol.%), the particle distribution was less uniform
and almost no particles were found on the down-
ward-facing surface of the specimen. The rotating
barrel demonstrated the capability of producing
Ni-CrAlY composite coatings on the entire speci-
men surface with uniform particle distribution;
36.8 vol.% ± 2.9 vol.% and 41.1 vol.% ± 0.9 vol.% of
CrAlY particles were incorporated into the disk and
cylindrical specimens, respectively.

Electro-codeposition Parameters

Foster et al.7 investigated the influence of current
density and powder concentration in the plating
solution on CrAlY particle codeposition using the
rotating barrel setup.47 It appeared that the particle
incorporation increased with a decrease in current
density, although the influence of current density on
the particle content was found to be far less than
that predicted by a theoretical model. Composite
coatings with an average of 40.7 vol.% CrAlY par-
ticle incorporation were produced on a turbine
blade. Accurate control of particle size distribution
between 10 lm and 15 lm was believed to be critical
in achieving high particle incorporation because
there was a negative interference among particles of
different sizes.

Recently, using design of experiments, Bates
et al.44 studied the effects of the three main code-
position parameters (i.e., current density, agitation
rate, and particle loading) on CrAlY particle

Fig. 3. SEM cross-sectional images of the coatings deposited using: (a) the vertical configuration, (b) the horizontal configuration, (c) the rotating
barrel. Detailed coating parameters can be found in Ref. 37.
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incorporation in the Ni-CrAlY coatings deposited
with the horizontal setup (Fig. 2b). The results
show that the agitation rate exhibited the greatest
influence on the quantity of embedded CrAlY par-
ticles, followed by the interaction between agitation
and particle loading, and then particle loading
itself. Current density, in contrast, did not seem to
affect the particle incorporation for the horizontal
arrangement.

Post-deposition Heat Treatment

To form the final phase constituents such as b-
Ni(Co)Al and c-Ni(Co) in the MCrAlY coatings, the
(Ni,Co)-CrAlY composite coatings are heat treated
at elevated temperatures to ensure interdiffusion
between the CrAlY particles and the Ni/Co matrix
as well as further bonding between the coating and
the substrate.8 Even though higher heat-treating
temperature and longer time can lead to greater
diffusion, the post-deposition heat treatment needs
to be compatible with that usually employed for the
substrate alloy to prevent any negative impact on
the substrate.2,8 Also, increased temperature and
time may result in too much interdiffusion between
the coating and the substrate. For Ni-based super-
alloys, temperatures of 1050–1150�C for times up to
8 h have been adopted, either in vacuum or an inert
atmosphere.30,38 Recent research by Zhang48 has
shown that Cr evaporation was high at tempera-
tures >1100�C, particularly when the heat treat-
ment was carried out under vacuum, similar to that
reported by Keller et al. for EB-PVD MCrAlY coat-
ings.49 For Ti-containing substrate alloys, such as
René 80 (Ni-3.0Al-14.1Cr-9.3Co-4.0W-3.9Mo-5.1Ti-
0.16C-0.016B-0.02Zr, wt.%), outward diffusion of
Ti to the coating surface was observed at higher
heat-treating temperatures.48 Certainly, different
powders and matrices react differently and heat
treatment must be adjusted accordingly. For elec-
trodeposited Pt-modified MCrAlY coatings, similar
heat treatments can be applied, during which dif-
fusion between the Pt layer and the composite
coating also takes place.38

COATING MICROSTRUCTURE AND PER-
FORMANCE EVALUATION

Coating Microstructure

Earlier publications7,8,29,32,50 did not provide
detailed microstructural characterization of the
electro-deposited MCrAlY coatings. More recently,
characterizations have been carried out using
techniques including x-ray diffraction (XRD), scan-
ning electron microscopy (SEM) equipped with
energy dispersive spectroscopy (EDS), and trans-
mission electron microscopy (TEM). Put et al.38

examined the microstructure of an NiCoCrAlYTa
coating on AM3 superalloy (Ni-6.0Al-8.0Cr-6.0Co-
4.0Ta-2.0Ti-2.0Mo-5.0W, wt.%) after 6 h diffusion at
1080�C under vacuum, as shown in Fig. 4. The

coating had an average composition of Ni-23Co-
21Cr-9Al-3.4Ta-0.8Y (wt.%), according to the EDS
concentration profiles. Pre-alloyed CrAlYTa powder
was used, and Ta was added to prevent the harmful
effect of Ti in the substrate by forming (Ta,Ti)C
carbides and thus trapping Ti and C.51 The coating
was composed of mainly b-NiAl and a c-Ni matrix
(Fig. 4a and b), with a low percentage of c¢-Ni3Al at
the b/c boundaries (Fig. 4c). Small precipitates of c¢
were also present within the c-Ni matrix (Fig. 4c). It
is worth noting that atomized CrAlYTa powder
(spherical shape) was utilized in the coating man-
ufacturing process, instead of ball-milled CrAlY
powder (acicular) in the coatings shown in Fig. 3.
The geometry of the b phase after heat treatment
(Fig. 4b) recalled the shape of the CrAlYTa particles
originally embedded in the (Ni,Co) matrix after
electro-codeposition. In addition, Al- and/or Y-rich
oxides and Ta carbides were dispersed throughout
the entire coating. In the regions close to the
superalloy, the Ta carbides also contained Ti,
whereas near the coating surface the Ti concentra-
tion in the carbides was very low (under the EDS
detection limit). The Ti distribution in these coat-
ings was clearly different from the coatings without
the Ta addition.48 In the same study, Put et al. also
investigated the effect of Pt on the microstructure of
the electro-codeposited NiCoCrAlYTa coatings.38 As
a result of extensive Al uphill diffusion from the
NiCoCrAlYTa layer to the Pt-rich surface during
heat treatment, no b-phase remained within the
core of the coating. Instead, L10 martensite, c¢-
Ni3Al, and c-Ni were observed in the Pt-modified
NiCoCrAlYTa coating.

Coating Performance

Initial assessments on electrolytic MCrAlY coat-
ings focused on their hot corrosion perfor-
mance.8,29,32,50 For example, a CoCrAlY coating
produced in a rotating barrel was tested in a high-
velocity, hot corrosion burner rig at 1100�C with
0.5 ppm salt ingestion.8 The electro-codeposited
CoCrAlY coating survived the full 600 h test,
whereas a coating made by low-pressure plasma
spray (LPPS) failed after 500 h. However, no infor-
mation regarding the composition of the coating or
the substrate was given.8 Later, an electro-code-
posited CoCrAlHf coating (Co-24Cr-10Al-2.5Hf,
wt.%) was evaluated together with a group of cor-
rosion-resistant coatings on a marine LM2500
rainbow rotor.32,50 Coating performance was ranked
based on metallurgical examination of the attack to
the substrate (René 80) after 7192 h. The elec-
trolytic CoCrAlHf coating demonstrated much bet-
ter corrosion performance than diffusion PtAl and
LPPS CoCrAlY coatings on stage 1 high-pressure
turbine blades, with no corrosion of the substrate.32

Raffaitin et al.52 conducted both isothermal oxi-
dation and cyclic burner rig tests at 900–1000�C to
assess the performance of electro-codeposited
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NiCoCrAlYTa coatings (Ni-8.6Al-20.6Cr-19.3Co-
4.3Ta, wt.%) on single-crystal Ni-based superalloy
MC2 (Ni-5.0Al-7.8Cr-5.2Co-5.8Ta-8.0W-2.1Mo-1.5Ti,
wt.%). Three coating thicknesses (30 lm, 70 lm,
and 110 lm) were included to determine the influ-
ence of the Al reservoir on the coating lifetime.
Figure 5 compares the coating cross-sections before
and after 900 h isothermal exposure at 1000�C. As
the NiCoCrAlYTa coating oxidizes, the Al-rich b
grains gradually converted to islands of c¢ by the
consumption of Al to form the oxide scale. Dissolu-
tion of the b phase near the coating/alloy interface
was also observed as a result of the interdiffusion
with the substrate. In the burner rig test, a diluted
sea-salt solution was atomized into the rig, and
each cycle consisted of 1 h at temperatures
varying between 900�C and 1000�C followed by
15 min cooling to room temperature. Post-exposure
microstructural analysis revealed that the 950
cycles of the burner rig test reproduced the damage
after 3000 h service of a helicopter engine in corro-
sive operating conditions, featuring Type I hot cor-
rosion/oxidation degradation, which was not
observed in the isothermal oxidation test. Under
pure oxidation conditions, a larger Al reservoir
provided by a thicker coating proved to be beneficial
for the formation of a protective alumina scale,
while under more complex testing conditions, where
corrosion, oxidation, and interdiffusion interact, the
coating life might not be determined by the Al
reservoir. This research group also tested the same
coating system under cyclic oxidation at 1150�C in
flowing synthetic air.53 Nevertheless, because the
purpose of the study was to evaluate the method-
ology of cyclic thermogravimetry,54 the specimens

were only tested for a total of 12 h (48 15-min
cycles). In contrast to bare MC2 alloy, no spallation
was observed on the NiCoCrAlYTa-coated alloy
after thermal cycling.

Two recent studies investigated the isothermal
oxidation resistance of electro-codeposited NiCo-
CrAlYTa coatings, which was compared with that of
electrolytic Pt-modified NiCoCrAlYTa coatings51

and NiCoCrAlYTa coatings fabricated by high-ve-
locity oxy-fuel (HVOF),55 respectively. For the Pt-
modified NiCoCrAlYTa coatings on AM3, the oxide
growth rate at 1100�C decreased by a factor of 2–2.5
relative to the Pt-free coatings.51 As a result of the
effect of Pt on selective oxidation, only a-Al2O3 was
detected on the surface of the Pt-modified NiCo-
CrAlYTa coating, whereas various oxides (a-Al2O3,
NiAl2O4, YTaO4, AlTaO4, TiTaO4, and Y3Al5O12)
were formed on the NiCoCrAlYTa coating without
Pt. Also, based on the XRD analysis, the external
part of the NiCoCrAlYTa coating transformed to c-
Ni after 300 h, while both c¢-Ni3Al and c-Ni were
present in the Pt-modified coating. Compared with
the HVOF NiCoCrAlYTa coating on CMSX-4 (Ni-
5.6Al-6.4Cr-9.6Co-6.5Ta-6.4W-0.6Mo-3.0Re-1.0Ti-
0.1Hf), wt.%), the electrolytic coating with a similar
composition and phase constituents exhibited com-
parable isothermal oxidation resistance at 950–
1150�C with a slightly higher Al loss.55

REMAINING CHALLENGES AND FUTURE
DIRECTION

Unlike MCrAlY coatings manufactured by EB-
PVD or thermal spray, limited research has been
conducted on the electro-codeposited MCrAlYs.

Fig. 4. SEM backscattered electron images of the cross-section of electro-codeposited NiCoCrAlYTa coatings after the diffusion heat treatment.
(a) Entire coating, (b) high magnification observation, (c) high magnification observation after c-Ni etching. Tantalum carbides are white pre-
cipitates.38 Reprinted with permission from Elsevier.
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Clearly, systematic studies of the coating process
are needed, together with more comprehensive
assessment on coating properties and performance,
as highlighted below.

Optimization of the CrAlY Particle Size/
Distribution

The initial size, geometry, and dispersion of
CrAlY-based particles govern the morphology and
distribution of the b phase in the MCrAlY coating
after heat treatment. As shown by Goti et al.,55 the
chemical composition of the electrolytic NiCoCrA-
lYTa coating is less homogenous and the b/c/c¢
microstructure is coarser than its peer HVOF coat-
ing due to the relatively large CrAlYTa particles
entrapped in the original composite coating. Despite
the particle size preference of 5–10 lm,30 CrAlY-
based powders in the range of 10–15 lm have often
been employed in the electro-codeposition process.7

Prevention of the coarse b/c microstructure could be
expected if smaller CrAlY particles (e.g. 2–5 lm)
were used. However, proper codeposition parame-
ters need to be determined correspondingly.

Control of the S Level and Reactive Element
Codoping

The electrolytes used in deposition of the Ni/Co
matrix are either sulfate- or sulfamate-based solu-
tions.34,56 Sulfur contents of 0.006–0.013 wt.% have
been reported in pure Ni coatings plated from a
Watts-type bath.57,58 It is well known that small
amounts of impurities, such as S, can segregate to
the alumina–metal interface and weaken the
interface.59–64 Lowering the S level proves to be
effective in improving the oxide scale adhesion for
both Ni-based superalloys and aluminide coat-
ings.65–68 However, so far no study has been con-
ducted to measure the S level in the electro-
codeposited MCrAlY coatings. It is not clear whe-
ther the current Y level (�0.5 wt.%) can overcome
the detrimental effect of S without the actual S
content being quantified in the coating. Not only the
optimum Y concentration needs to be redefined
based on the S level, but also it might be necessary

to include additional reactive elements due to the
low solubility of Y in both b and c phases. Significant
improvement in scale adhesion has been observed
for MCrAlY model alloys and EB-PVD coatings with
codoping of Hf or Zr with Y.69–72 Nonetheless, such
codoping effect has not been realized for electro-
codeposited MCrAlY coatings.

Further Evaluation of Oxidation/Corrosion
Resistance and Mechanical Properties

Although isothermal oxidation studies have been
conducted, more long-term cyclic oxidation and hot
corrosion data are still needed. Moreover, no eval-
uation on the mechanical properties of electro-
codeposited MCrAlYs has ever been published.
Even though MCrAlY overlays in general have
lower DBTT than diffusion aluminides owing to the
presence of the ductile c phase, a wide range of
DBTT values, from 25�C to 900�C, have been
reported.73–76 The coating process, composition,
microstructure, and heat-treatment history are
some of the factors influencing the DBTT.76 Since
the hot-section gas turbine components experience
frequent cycles in different temperature regimes,
thermomechanical fatigue (TMF) may be expec-
ted.77,78 In addition to oxidation/corrosion studies, a
better understanding of the mechanical aspects of
electro-codeposited MCrAlY coatings is important
for further advancement in gas turbine engine
applications.

SUMMARY AND CONCLUSION

The electro-codeposition technique has been used
as an alternative process for the synthesis of
MCrAlY coatings. Pre-alloyed CrAlY particles are
codeposited with Ni, Co, or (Ni,Co) in an electrolytic
process to form (Ni,Co)-CrAlY composite coatings,
which are subsequently heat treated at elevated
temperatures to transform to MCrAlY coatings
containing multiple phases such as b-(Ni,Co)Al and
c-Ni(Co). Both codeposition configurations and
parameters strongly influence the percentage of
CrAlY particles incorporated in the composite
coating. Earlier testing in corrosive environments

Fig. 5. SEM backscattered electron images of 110-lm-thick NiCoCrAlYTa coating on MC2 superalloy (a) before and (b) after 900 h isothermal
exposure at 1000�C (b).52 Reprinted with permission from Elsevier.
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indicated good overall performance of the electro-
codeposited CoCrAlHf coatings. Recent isothermal
oxidation tests demonstrate that the electrode-
posited NiCoCrAlYTa coatings exhibit oxidation
resistance similar to the HVOF coatings. However,
more systematic studies of the coating process and
performance are clearly needed. Future research
may include improving homogeneity of the coating
microstructure, quantifying and understanding the
impurity levels (particularly S) in the coating, as
well as implementing reactive element codoping.
Long-term cyclic oxidation and hot corrosion tests,
as well as TMF evaluation are also needed for both
electrolytically deposited MCrAlY and Pt-modified
MCrAlY coatings.
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