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Investigation of The Lifetime of the Coating Applied on The Steam
Turbine Blade in Terms of Corrosion and Erosion

Highlights
«» Change in corrosive effects on Steam Turbine Blade Coating
«» Change in structural properties of Steam Turbine Blade Coating
«+ Change in erosive properties of Steam Turbine Blade Coating
Graphical Abstract

Detailed examination images of the abrasion damage of the used turbine blade are given in Figure X. When the photos
are examined, it is seen that the coating in the upper part of the blade (A and B) decreases until the transition coating
almost disappears; on the other hand, it is more present in the blade tip part (C). This situation shows that corrosion
and wear have a more severe effect on the blade surface (upper) parts.

Figure 1. Images of the cross-sectional macrostructure and microstructure of the used sample
Aim

This study aims to evaluate the physical and chemical changes that turbine blades are exposed to under operating
conditions and their effects on the material.

Design & Methodology

In the experimental study, chemical and dimensional measurements, optical microscopy, SEM, and EDS
measurements were performed after metallographic preparation of the samples. Structural analysis was performed
using XRD, and hardness tests were conducted to determine the samples' mechanical properties and lifespan.

Originality
In this unprecedented study, the amount of corrosion and wear that occurred during the durability/operational life of

a turbine blade and its coating, which had been used for 25 years in a Thermal Power Plant, was comparatively
examined with an original turbine blade made of the same material that had never been used.

Findings
A significant decrease in mechanical properties was observed in the turbine blade coating. In steam turbines,

corrosion and erosion have been observed to occur separately and/or together under the influence of high
temperature and pressure

Conclusion

It was determined that the steel used in the steam turbine was AlISI 420 stainless steel, and the coating applied to the
blade was a wear-resistant Co-Cr alloy coating. In the used turbine blade coating, about 10% to 30% thickness
reduction was observed regionally, not more than the area most touched by the steam. In addition, in the mechanical
tests conducted, a decrease of approximately 10% was detected in the hardness tests performed on the used blade and
the unused blade.
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ABSTRACT

This study evaluated the physical and chemical changes that turbine blades are exposed to under operating conditions and their effects on
the material. Within the scope of the study, the amount of corrosion and wear that occurred during the durability/operational life of a
turbine blade and its coating used for 25 years in a Thermal Power Plant, and an original turbine blade made of the same material that has
never been used were comparatively examined. This research contains significant findings in evaluating the suitability of the existing
material and coating for the longer life of turbine blades and obtaining ideas for changes to be made to the coating in terms of resistance
to physical and chemical conditions. The turbine blade examined in the study was determined to be coated with Co-based material
(containing Cr, Mo, Ni, Mn) using the thermal metal spray coating method. AgCuZn-based bond coating was applied to the coating and
the substrate. After 25 years of service with an average energy production of 69,466,700 MWh, the turbine blade was removed from the
turbine and examined for corrosion and erosion damage analysis. In the experimental study, chemical and dimensional measurements,
optical microscopy, SEM, and EDS measurements were carried out due to the metallographic preparation of the samples. XRD performed
structural analysis, and hardness testing was used to determine the mechanical properties and life of the samples. As a result of the
investigations, it was determined that the turbine blade was subjected to corrosion, erosion, and corrosive erosion; the coating on the
surface was completely worn locally, and there was a cross-sectional reduction due to wear (corrosive and erosive) at the blade tips. The
coated parts were more resistant to erosive and corrosive effects. When comparing the coating wear with the base material wear, the level
of wear is more clearly seen in the transition area between the coated area and the base material.. It has been observed that corrosion and
erosion cause abrasion together.

Keywords: Steam turbine blade, Erosion, Corrosion, Materials Characterization

Kaplama Uygulanmis Buhar Tiirbini Kanadinin
Omriiniin Korozyon ve Erozyon Acisindan

Incelenmesi
(074

Bu ¢alismada, tiirbin kanatlarinin isletme kosullar1 altinda maruz kaldig: fiziksel ve kimyasal degisimler ve bunlarin malzeme tizerindeki
etkileri degerlendirilmistir. Caligma kapsaminda, bir Termik Santralde 25 yil kullamlmig bir tirbin kanadi ve kaplamasmin
dayaniklilik/isletme 6mrii boyunca olusan korozyon ve aginma miktari ile ayn1 malzemeden yapilmis hi¢ kullanilmamis orijinal bir tiirbin
kanad1 karsilastirmali olarak incelenmistir. Yapilan bu arastirmada, tiirbin kanatlarinin daha uzun omiirlii olabilmesi amaciyla mevcut
malzeme ve kaplamanin ne derece uygun oldugunun degerlendirilmesi ve fiziksel ve kimyasal kosullara dayaniklilik konusunda kaplama
tizerinde yapilacak degisiklikler igin fikir edinilebilmesi agisindan 6nemli bulgular igermektedir. Caligmada incelenen tiirbin kanat¢iginin
termal metal piiskiirtme kaplama yontemi ile Co esasli malzeme (Cr, Mo, Ni, Mn igeren) ile kaplandig1 belirlenmistir. Kaplama ile althik
arasina AgCuZn esasli baglama kaplamasi uygulanmistir. Ortalama 69.466.700 MWh enerji iiretimi ile 25 yillik hizmet sonrasinda tiirbin
kanatgigi tiirbinden sokiilerek korozyon ve erozyon 6zellikleri incelenmistir. Deneysel ¢aligmada, numunelerin metalografik hazirlanmasi
sonucunda kimyasal ve boyutsal dlgiimler, optik mikroskopi, SEM ve EDS o6l¢limleri yapilmistir. XRD ile yapisal analiz yapilmis,
numunelerin mekanik 6zellikleri ve dmiirleri belirlemek igin sertlik testleri yapilmistir. Yapilan incelemeler sonucunda; tiirbin kanadinin
hem korozyon ve erozyona hem de korozif erozyona maruz kaldig, ylizeydeki kaplamanin lokal olarak tamamen asindig1, kanat uglarinda
asinma (korozif ve erozif) nedeniyle kesit daralmasi oldugu tespit edilmistir. Kaplama yapilan kisimlarin erozyon ve korozif etkilere karsi
daha dayanikli oldugu goriilmiistiir. Kaplama aginmasinin taban malzeme agmmasiyla kiyaslamasinda kaplama yapilan bolge ile ana
malzemenin gegis bolgesinde aginmanin diizeyi daha agik goriilmektedir.. Korozyon ve erozyon etkilerinin birlikte aginma etkisine neden
oldugu goriilmiistiir.

Anahtar Kelimeler: Buhar tiirbini kanadi, Erozyon, Korozyon, Malzeme karakterizasyonu

1. INTRODUCTION efficiency and reliability of power plants. The blades of

Investigating the life of coatings applied to steam turbine  these turbines are exposed to corrosive effects such as
blades is crucial in the power generation sector. Steam ~ corrosion and erosion while operating under high
turbines are critical components that directly affect the —temperatures and pressures. Therefore, the durability and
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performance of coatings are vital to extend the life of
turbines and reduce maintenance costs. The motivation
of this study is to increase sustainability in power
generation and maximize the operational efficiency of
turbines [1,2]. Literature studies on corrosion and erosion
resistance of coatings applied to steam turbine blades are
limited. In particular, sufficient data on coatings' long-
term performance and lifespan have not been
encountered. This study aims to fill this scientific gap by
examining how coatings behave under different
operating conditions and which factors affect coating life.
This will contribute to developing more durable and
long-lasting coating materials in the energy sector [3,4].
Steam turbines are equipment used in thermal power
plants such as coal, natural gas, and nuclear power plants.
They convert the thermal energy of a fluid with high
thermal energy, i.e., high temperature and pressure, into
mechanical energy. Water vapor is used as the fluid, and
the resulting mechanical energy is usually converted into
electrical energy with the help of a generator [5,6]. Many
moving and stationary blades on a steam turbine are
designed to direct the steam flow and transfer power.
Although the blades are manufactured from high-quality
stainless steel with special manufacturing methods, they
are often at risk of erosion and corrosion [6]. In materials
science, erosion describes mechanical damage caused by
high-velocity impacts. Erosion usually occurs due to
solid/solid or liquid/solid or gas/solid interactions.
Another definition defines erosion as the gradual loss of
original material due to the mechanical interaction
between a solid surface and a multicomponent fluid or
impinging liquid or solid particles. [7,8] There are
different types of erosion, such as solid particle erosion,
cavitation erosion, liquid impact erosion, and cyclic
erosion [7]. Solid particle erosion is a vital material
degradation mechanism encountered in several
engineering systems, such as thermal power plants,
aircraft gas turbine engines, pneumatic mass
transportation systems, coal liquefaction/gasification
plants, and ore or coal slurry pipelines [9- 11]. Solid
particle erosion causes availability reductions in power
plants, increased unplanned maintenance rates, increased
fuel consumption, and significant problems in aviation,
such as serious turbine engine failures [12-19]. Although
it seems simple, the erosion process is much more
complex. After the plastic deformation that occurs in the
form of a very shallow/thin layer due to solid or liquid
impact on the surface of the metal material, metal loss
occurs in the form of particles breaking off from the
surface. In the early stages of erosion, while the first

Plastic deformation occurs, and symptoms are observed
when erosion is not fast or very low. After this initial
damage, wear begins at the weakest points [20]. Sudden
cross-section changes or material wall edges are the areas
where erosion damage is clearly observed. As a result of
cross-section changes and high-pressure flow or water
penetration at the ends, erosion craters are usually
formed. This crater's sharp corners lead to the formation
of narrow pits or lower tunnels. This situation is seen in

Figure 1. After creating these pits, the real destructive
wear will occur, and wear will continue as larger pieces
break off. If the first wear crater has a flat surface, the
wear rate will be lower [9,21].

BWP swp

300 pm

Figure 1. SEM image of the initial flat and ridged surface
characteristic of erosion damage [9] [icmatse2024]

Material erosion, the effect of surface roughness on
erosion, and long erosion formations using low-impact
velocities (<100m/s) were investigated [24]. After
several thousand impacts, numerous depressions were
observed on the surface of the attacked copper. Such
localized material flow and surface roughness were
suggested as the main reason for the onset of material
loss. It was evaluated that pits on the material surface and
the resulting material loss were formed due to the effect
of the high-speed fluid flowing on the surface. The
coatings applied to the turbine blades have been
determined to be a serious protection against erosion and
corrosion [25-27]. Erosion is caused by the mechanical
interaction between the material surface and steam at
high temperatures and pressures. Erosion, which is
visually evident as material loss, especially at the blade
tips, is metal loss due to the impact of liquids or solids.
Attack is promoted by turbulent, high-velocity fluid flow
[28]. Rapid pressure changes promote shock waves and
turbulence. Sudden changes in flow direction and
entrainment of solid particulate matter in the fluid also
contribute to erosion. Turbulence is also caused by a
change in flow direction, a sudden change in cross-
section, a thick deposit of sediment, or the presence of an
obstruction that disrupts the flow. Although several
factors affect the formation of deposits on turbine
components, the general effect is the same regardless of
the cause. Adherent deposits form in the steam passage
and distort the original shape of the turbine blades [29].
These deposits, which are usually rough or irregular on
the surface, increase resistance to the steam flow. The
disruption of the steam passages alters steam velocities
and pressure drops, reducing the capacity and efficiency
of the turbine. In severe conditions, deposits can cause
excessive rotor thrust. Irregular accumulation causes
vibration problems by disrupting the balance of the
turbine rotor [30]. In studies of solid particle erosion
dating back a century, it was thought that the effects of
erosion on turbine blades could be reduced by coating the
blades, and significant decreases in the impact of erosion
were demonstrated [27,28,29]. In the first applied
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coatings, the desired results could not be achieved due to
the low toughness rate of the coating layer and the high
internal stress rates [30,31,32]. Material erosion, the
effect of surface roughness on erosion, and long erosion
formations using low-impact velocities (<100m/s) were
investigated [24]. After several thousand impacts,
numerous depressions were observed on the surface of
the attacked copper. Such localized material flow and
surface roughness were suggested as the main reason for
the onset of material loss. It was evaluated that the
formation of pits on the material surface and the resulting
material loss were due to the effect of the high-speed
fluid flowing on the surface. The coatings applied to the
turbine blades have been determined to be a serious
protection against erosion and corrosion [25-27]. When
the studies on this subject are examined, they aimed to
obtain surface protection for steam turbine blades with
different coating techniques and metal-ceramic powders
[33,34,35]. In this study, the erosive and corrosive
properties of the coating applied to the turbine blade that
we will examine during its 25-year operation period will
be discussed. Different studies in this field explore the
effects of coating, coating methods, and laboratory test
data on wear and corrosion resistance. However, there is
no real case study. This study aims to investigate and
discuss the resistance of the coating made on a turbine
blade sample used during a 25-year operating period
against abrasive and corrosive effects, the components
formed as a result of wear, the type of wear, and the level
of damage in terms of determining the resistance, which
has never been done before in the literature.

This study aims to evaluate the physical and chemical
changes that turbine blades are exposed to under
operating conditions and their effects on the material, and
to evaluate the changes that can be made to the coating
according to different operating conditions by extracting
the differences between the blade that has worked for a
long time and the blade that has never worked.

2. MATERIAL and METHOD

In this study, the amount of corrosion and abrasion in the
strength/operational life of a turbine blade used in a
Thermal Power Plant was investigated, and the case was
analyzed. The original unused turbine blade material and
areas with the same coating were compared. The turbine
blade examined in the study was determined to be coated
with Co-based material (containing Cr, Mo, Ni, and Mn)
using the thermal metal spray coating method. AgCuZn-
based bond coating was applied between the coating and
the substrate. After 25 years of service with an average
energy production of 69.466.700 MWh, the turbine blade
was removed from the turbine and examined for
corrosion and erosion damage analysis. In the
experimental  study, chemical and dimensional
measurements, optical microscopy, SEM, and EDS
measurements were carried out due to the metallographic
preparation of the samples. XRD performed structural
analysis, and hardness and wear inverses were used to

determine the mechanical properties and life of the
samples. Chemical analysis, SEM, EDS, XRD, micro and
macrostructure studies, dimensional measurements, and
surface damages on the coating and base material were
performed on a low-pressure steam turbine blade of a
thermal steam turbine that has been used in a thermal
power plant and an unused steam turbine blade (Figure
2). Hardness tests were performed on samples from used
and unused turbine blades, five regions from the
substrate, and three regions (1, 2, and 3) from the coating
region (Figure 3). Hardness measurements were taken
using a load of 11,5 mJ on a Proceq Eqoa Tip 3 brand
device. X-ray diffraction (XRD) analyses were
performed on a Bruker D8 Advance device.
Monochromatic Cu Ka radiation (A= 1.54056 A) was
used at 40kV and 40 mA operating conditions, 10-90
angle range, and 0.04 degree/min scan rate.

Figure 2. Used (a) and unused (b) steam turbine blades
[icmatse2024]

Itis seen that the intermediate coating is 0.3-0.4 mm thick
on average. The coating is: 2-4 mm on the back in region
B, 4-5 mm on the tip, and 15-16 mm wide, 4-5 mm thick
on the tip, and 7-8 mm wide on the tip in region C. Since
sample A is an uncoated area, the shoulder tip of the wing
has been primarily worn, and the thickness has decreased
by 25%. Since the steam intensity is higher in region B,
the coating tip has been worn by 10%. In region C, where
the most severe steam effect is seen, 20-30% wear has
occurred both on the shoulder tip and back

of the coating and on the uncoated parts (Figure 4,5).
Since the hardness was measured from the area where the
coating remained on the used blade, measurements were
made from the exact location on the other side. The
results showed that ASTM A276 values should be in
annealed AISI 420-quality stainless steel used as the
blade material [36]. This study was conducted as a
comparative analysis of turbine blades used and unused
for comparison purposes. When the chemical analysis
results were evaluated, it was determined that the primary
materials of the turbine blade were very much the same.
This approach is essential for the reliability of other data
obtained in the study. On the other hand, the transition
and primary coating data also gave similar results.

Figure 3. Imas of unsed (a%d b) athsed (cand d)
turbine blade hardness test samples
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" s |
Figure 4. The turbine blade that has completed its working life,
and the areas from which samples are taken

3. EXPERIMENTAL RESULTS AND
DISCUSSIONS

First, a chemical analysis of the used and unused turbine
blade material was performed. As a result of the study
made with the sample taken from the turbine blade area,
it was determined that the material was AlSI 420-quality
stainless steel (Table 1). The results of the chemical
analysis performed on the unused turbine blade coating
area are given in Table 2. It was observed that the coating
was a CoCr-based coating. In particular, the aim was to
reduce wear by using Co and Cr. The hardness
measurement results of both blade materials were
evaluated (Table 3).

On the other hand, when the coating hardness was
measured, it was determined that the hardness of the
unused material was higher than that of the used one. The
coating of the used blade weakens over time due to the
effects of wear and corrosion, and it completely
disappears at the end of its service life. These results
explain the process of the coating first weakening
(decrease in hardness) and then completely disappearing
due to the effects of corrosion and/or other wear
mechanisms during the use of the blade material [37]. A
study observed that corrosion and erosion on turbine
blades caused a severe decrease and deterioration in the
material's mechanical properties [43]. Detailed
examination images of the abrasion damage of the used
turbine blade are given in Figure 6. When the photos are
examined, it is seen that the coating in the upper part of
the blade (A and B) decreases until the transition coating

Figure 5. Sectional images of the samples taken (K: Coating,
A: Base, AK: Intermediate coating)

almost disappears; on the other hand, it is more present
in the blade tip part (C). This situation shows that
corrosion and wear have a more severe effect on the blade
surface (upper) parts. Although such findings are not
shown in the literature [37], it is shown that the wear
intensity increases on large surfaces. Because steam and
abrasives hit the blade surfaces more, the turbine is
rotated. This situation is also directly proportional to the
increase in surface area for corrosion

and wear on large and flat surfaces. In the tests carried
out in the laboratory environment, erosion was observed
on the turbine blades where the same operating
conditions were created. The research also compared the
resistance of several different types of coatings against
corrosive and erosive effects. [44].

Defects in the form of irregularities and gaps in the
thickness were detected in the intermediate coating. It is
seen that the intermediate layer is 0.3-0.4 mm thick on
average. The coating thickness is 2-4 mm on the back in
region B, 4-5 mm on the tip, and 15-16 mm wide, 4-5 mm
thick on the tip, and 7-8 mm wide on the tip in region C.
Since sample A is an uncoated area, the shoulder tip of
the blade has been primarily worn, and the thickness has
decreased by 25%. Since the steam intensity is higher in
region B, the coating tip has been worn by 10%.

In region C, where the most severe steam effect is seen,

20-30% wear has occurred both on the shoulder tip and
back of the coating and on the uncoated parts [37].

Table 1. Chemical analysis of used and unused tiirbine blades

C Si S P Mn C
FED SRl G S ‘ 016025  <1.00 <0.015 <0.040 <1.50 12.00-14.00
Used Blade 0.22 0.27 0.008 0.020 0.30 12.50
Unused Blade 0.21 0.78 0.005 0.07 0.51 12.80
Table 2. Chemical analysis of coating materials
Co Cr W Si Fe Mn Ni Mo C

Stellite 6 ‘ Bal. 27.00-33.00 3.00-6.00 <1.50 <3.00 <1.00 <3.00 0.50-2.00 = 0.90-1.40
Coating (Unused) | 61.78 28.92 4.05 1.33 1.30 1.00 0.80 0.73 1-1.10
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The blade used for the microstructures, SEM images, and
EDS analysis of sample A is given in Figure 7. The
photos and Analyses show a turbine blade structure with
a three-layer (base, bond coating, and top coating)
structure consisting of three different materials (420
stainless steel, hard solder, and Co-based). When looking
at sample A (Figure 5), it is seen that there is no coating
on the surface since this area has never been coated
before; only the resistance of the substrate material to the
working conditions is seen; a high rate of wear occurs
during the working process; and chemical changes occur
on the surfaces during the working process. The results
of the chemical analysis show that the substrate material
is AISI 420 stainless steel, various unstable oxides occur
on the uppermost parts of the worn surfaces, and the wear
occurs much more severely inward in the form of a line
parallel to the steam direction along the grain boundaries.
The particles that emerge due to the wear cause more
severe wear of the general system and the turbine blades
by causing a particle effect [38].

Table 3. Hardness of unused and used specimens

Measurement area Unused (HRc¢) Used (HRc¢)

Substrate 1 213

Substrate 2 26.5

Substrate 3 26.0

Substrate 4 26.5

Substrate 5 242
Coating 1 43.7 41.9
Coating 2 434 40.3
Coating 3 46.7 41.7

Figures 8-10 show that macro- and microstructural
analysis, SEM images, and EDS analysis of sample B
were used. The pictures and studies show that the turbine
blade structure has a three-layer (substrate, bond coating,
and coating) structure consisting of three different
materials (AISI 420 stainless steel, hard solder, and Co-
based) (Figure 9-10). Bond coating application is
common for a better fit and adhesion/bonding resistance
during coating processes. In this blade, Cu-based

intermediate bond coating is applied, and it is seen that it
is coated with Co-based superalloy material [38].

= =3
Figure 6. Images of the cross-sectional macrostructure and
microstructure of the used sample [icmatse2024]

Figures 11-13 show the macro and microstructure images
and chemical analysis data obtained from sample C. It
was observed that very severe wear occurred both on the
blade shoulder tip coating and on the back of the substrate
(Figure 11-12). Irregularity and void-shaped defects were
detected in the bond coating thickness. The coating has a
dendritic structure, and much segregation was observed
(Figure 13). Segregation is a point and/or regional
composition difference. Thus, the corrosion potential
increases in a structure with segregation. In sample C, the
most severe wear occurred due to the steam's chemical
and mechanical effects (Figure 13.a-c). Figure 12 shows
the linear elemental EDS analysis to determine the
chemical transition and bonding properties between the
bond coating and the coating. When the analysis results
are examined, it is understood that there are partial
transitions between the bond coating and the coating
regions. Therefore, the bond between both coatings is
strong, and there will be no separation/,
breakage/shedding while using the blades [39].

The bond coating is silver welding or hard soldering
(barzing). In many applications, it is preferred as a
bonding/joining or transition material between

incompatible materials [40]. It contains mainly Cu, Ag,
and Zn elements and has a low melting temperature and
high wetting/coating ability. The surface coating is
abrasive/adhesive/corrosive wear-resistant Co, Cr-based
coating material. It is the coating material type preferred,
especially in high-temperature environments, in such
materials [41].

w“x::: m-~;l..l.l|hﬂ.“.‘iku’£‘1;; .,; S
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Figure 7. SEM-EDS analysis of the transition regions of sample A
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Figure 13. SEM image and EDS analysis of bond coating (a) and coating (b) of sample C.

They are preferred due to both high-temperature wear
and corrosion resistance. The corrosion products formed
were determined by XRD analysis of A, B, and C surface
samples (Figure 15). It was determined that oxides of the
elements comprising the substrate were formed in sample
A, and the coating material in samples B and C. The
formation of chemically and mechanically stable oxides
at high temperatures in the coating and substrate surface
will provide surface passivation and protection.
However, the corrosion + abrasive wear process
continued since very mixed oxides were formed here and
there was a continuous mechanical abrasion effect, the
corrosion + abrasive wear process continued. All three
region examinations showed that the substrate/blade
material has a classic AISI 420-quality stainless steel
composition and coaxial grain structure. The coating is
applied mainly in areas where abrasion is severe. The
bond coating is applied first, and then the main coating is
applied. It has been determined that the bond coating and
main coating structures are suitable, and the interface
between them is sufficient. This is a standard application

in such fins [36]. This application is necessary to improve
the wear and corrosion properties at high temperatures.
However, as can be seen from this study, although the
Co-Cr coating materials are very resistant to corrosion, it
is clearly understood from the oxidized compounds that
the coating material reacts with the oxygen in the
environment after a specific period of time, primarily due
to the catalytic effect of high temperatures, and therefore
corrodes (Figure 15). When the difference between the
A, B, and C samples is evaluated, the components
belonging to the coating material are dominant in sample
A, while the oxides of the elements belonging to the bond
coating material and the components belonging to the
base (fin) material are dominant in samples B and C. This
situation is critical in revealing the lower parts with the
wear of the corroded surfaces and showing how the
process progresses in the progressive corrosion and wear
processes. This study shows that using more stable
materials (oxide, carbide, and nitride) in blade coatings
would be appropriate for these blades [42,45].
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Figure 14. Sample C bond coating and coating SEM image and transition region linear EDS analysis
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Figure 15. XRD results obtained from sample surfaces and the resulting products (A, B, and C).

4. RESULTS (CONCLUSION)

As a result of the tests and research determined that the

steel used in the steam turbine was AISI 420 stainless

steel, and the coating applied to the blade was a wear-
resistant CoCr alloy coating. A 10% to 30% thickness
reduction was observed regionally in the used turbine
blade coating, not more than the area most touched by the

steam. In addition, in the mechanical tests conducted, a

decrease of approximately 10% was detected in the

hardness tests performed on the used blade and the
unused blade.

In addition to these;

After the structural examination and analysis of the steam

turbine blade that was scrapped after 25 years of use,

» In steam turbines, corrosion and erosion have been
observed to occur separately and/or together under
the influence of high temperature and pressure.,

» Insteam turbine blades, especially the areas where the
effects of high-temperature steam are high (the
shoulder and upper shoulder part), must be coated,

>

1823

Shock-intensive and destructive wear occurs on the
uncoated base material, and as a result, the blade
shoulder part becomes 65% thinner,

During the coating process, an intermediate bonding
coating is made using a Cu-based hard solder
material, and there are defects in the form of voids in
this coating.

The main coating is a Co-based superalloy material,
but despite this, it is subject to corrosion and erosion
wear.

The structure of the coating contains dendritic and
segregations, which accelerate the formation of
corrosion,

Wear is high because the compounds formed by the
elements in the coating structure in the corrosive
environment do not allow the formation of a stable
surface layer.

The coating structure should be produced in a
homogeneous composition and without segregation,
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> It has been determined that oxidation in the final
coating after bond coating should form a stable
surface layer.

» Erosion in heavy equipment and components, such as
turbines rotating at high temperatures and pressure,
cannot be attributed to a single cause. Surface
deterioration is caused by turbulent flow created by
deposit/solid particles, increased water droplet
erosion, vibration during operation, rotor thrust, and
material damage/erosion caused by impact/reflection
in other areas due to surface roughness formed
locally.

ACKNOWLEDGEMENT
The authors would like to thank EUAS General
Directorate for supporting our work.

DECLARATION OF ETHICAL STANDARDS

The authors of this article declare that the materials and
methods they used in their studies do not require ethics
committee approval and/or legal-specific permission.

AUTHORS’ CONTRIBUTIONS

Murat Kayaalp: Conducted the experiments and
analyzed the results.

Hasan Hasirci: Conducted the experiments, analyzed
the results, and wrote the article.

Hakan Ates: Completed the writing of the article and
edited it.

CONFLICT OF INTEREST
There is no conflict of interest in this study.

REFERENCES

[1] Bzymek G., Bryk M., Kruk-Gotzman S., Ziotkowski P.J.,
"Computational Fluid Dynamics Study of Erosion on 900
MW Steam Turbine ND-45 Blades Using 3D Scanning",
Materials,17, 4884, (2024).

[2] Rodrigez J.A., Clemente C.M., Zalapa M.A., Garcia J.C.,
Guillén L.G., "Corrosion Fatigue Analysis in Power
Steam Turbine Blade", Metals,13, 544, (2023).

[3] Damjanovic D., "Corrosion fatigue failure of steam
turbine moving blades: A case study", Engineering
Failure Analysis, (2019).

[4] Ryzhenkov V.A., Lebedeva A.l, Mednikov A.F.,
"Erosion wear of the blades of wet-steam turbine stages:
Present state of the problem and methods for solving it",
Thermal Engineering,58, 713-718, (2011).

[5] Cengel Y.A., Boles M.A.,Miihendislik Yaklasimiyla
Termodinamik, New York, USA, (1994).

[6] Sigloch H., Stromungsmaschinen. Grundlagen und
Anwendungen, 3. neu bearbeitete Auflage, Hanser
Verlag, Miinchen, (2006).

[7]1 Huttunen-Saarivirta E., Kinnunen H., Tuiremo J.,
Uusitalo M., Antonov M., "Erosive wear of boiler steels
by sand and ash", Wear,317, 213-224, (2014).

[8] Gujba A., Hackel L., Kevorkov D., Medraj M., "Water
Droplet Erosion Behaviour of Ti-6Al-4V and
Mechanisms of Material Damage at the Early and
Advanced Stages", Wear,358-359:, (2016).

1824

[9] Mahdipoor M.S., Water Droplet Erosion Resistant
Materials and Surface Treatment, Concordia University,
p.70, (2016).

[10] Langston L.S., "Turbines, Gas",in *Encyclopedia of
Energy*, Elsevier: Amsterdam, The Netherlands, 221-
230, ISBN 9780121764807, (2004).

[11] Sonntag, R.E.; Borgnakke, C. Introduction to
Engineering Thermodynamics, 2nd ed.; John Wiley:
Hoboken, NJ, USA, ISBN 9780471737599, (2006).

[12] Finnie, 1. "Erosion of surfaces by solid particles". Wear,
3, 87-103, (1960).

[13] Bitter, J. A "study of erosion phenomena Part I"’. Wear,
6, 5-21, (1963).

[14] Finnie, 1. "Some observations on the erosion of ductile
metals”. Wear, 19, 81-90, (1972).

[15] Urban, L.A. "Parameter Selection for Multiple Fault
Diagnostics of Gas Turbine Engines™. J. Eng. Power, 97,
225-230, (1975).

[16] Chena, W.R.; Zhao, L.R. "Review-canic ash and its
influence on aircraft engine components’’. Proc. Eng.,
99, 795-803, (2015).

[17] Hamed, A.; Tabakoff, W. (Eds.)83rd Symposium of
Propulsion and Energetics Panel on Turbines;
AGARD: Rotterdam, The Netherlands, p. 11, (1994).

[18] Fortini A., Suman A., Zanini N., "An experimental and
numerical study of the solid particle erosion damage in an
industrial cement large-sized fan", Engineering Failure
Analysis, 146, 107058, ISSN 1350-6307, (2023).

[19] Pepi, M.; Squillacioti, R.; Pfledderer, L.; Phelps, A "Solid
Particle Erosion Testing of Helicopter Rotor Blade
Materials”. J. Fail. Anal. Prev., 12, 96-108. (2011).

[20] Hutchings 1., Levy A. "Thermal effects in the erosion of
ductile metals," Wear 131, 105-121, (1989).

[21] Azevedo C., Sinatora A., "Erosion-fatigue of steam
turbine blades", Engineering Failure Analysis,16, 2290-
2303, (2009).

[22] Babu P., Manager S., "Cause and Prevention for Steam
Turbine Blade Scaling and Fouling”, (2016).

[23] Suez,Water Technology Handbook, Chapter 18: Steam
Turbine Deposition, Erosion and Corrosion, (Kurumsal
Yayin).

[24] Hancox N.L., Brunton J.H., "The erosion of solids by the
repeated impact of liquid drops", Philosophical
Transactions of the Royal Society of London A:
Mathematical, Physical and Engineering
Sciences,260(1110), 121-139, (1966).

[25] Mann, B. "High-energy particle impact wear resistance of
hard coatings and their application in hydroturbines".
Wear, 237, 140-146. (2000).

[26] Liu, J.; Lu, L.; Zhu, L. "Experiment study on sediment
erosion of Pelton turbine flow passage component
material". 10OP Conf. Series Earth Environ. Sci., 15,
032055., (2012).

[27] Taherkhani B., Anaraki A., Kadkhodapour J., Farahani
N., Tu H.Y., "Erosion Due to Solid Particle Impact on the
Turbine Blade: Experiment and Simulation”, Journal of
Failure Analysis and Prevention,19, 1-6, (2019).

[28] Reynolds, O. XLII. "On the action of a blast of sand in
cutting hard material". Philos. Mag. (Fourth Ser.), 46,
337-343. (1873)

[29] Bahramnia, H.; Semnani, H.M.; Habibolahzadeh, A
Abdoos, H. "Epoxy/polyurethane nanocomposite
coatings for anti-erosion/wear applications: A review."* J.
Compos. Mater. 2020, 0021998320908299. (2020).



INVESTIGATION OF THE LIFETIME OF THE COATING APPLIED ON THE STEAM TUR... Politeknik Dergisi, 2025; 28(6) : 1815-1825

[30] Bai, X.; Yao, Y.; Han, Z.; Zhang, J.; Zhang, S. "Study of
Solid Particle Erosion on Helicopter Rotor Blades
Surfaces". Appl. Sci., 10, 977. (2020).

[31] Edwards K., Mislang H., “’History of coatings’’, in
Encyclopedia of Materials: Science and Technology,
Elsevier, (2000).

[32] Bousser, E.; Martinu, L.; Klemberg-Sapieha, J. "Solid
particle erosion mechanisms of protective coatings for
aerospace applications". Surf. Coat. Technol., 257, 165-
181. (2014).

[33] Mann V.A.B. "An experimental study to correlate water
jet impingement erosion resistance and properties of
metallic materials and coatings,” Wear, 253, 650-661,
(2002).

[34] Mann V.A.B.S. "HVOF coating and surface treatment for
enhancing droplet erosion resistance of steam turbine
blades," Wear, 254, 652-667, (2003).

[35] Cerny J.S.1. "Fatigue strength of laser hardened 42CrMo4
steel considering effects of compressive residual stresses
on short crack growth," Procedia Engineering, 74, 417-
420, (2014).

[36] Khan M.S., Sasikumar C., "Failure analysis of AISI 420
steel turbine blade operating at low-pressure", Materials
Today: Proceedings,66, Part 9, 3804-3808, (2022).

[37] Sadki, A., Younes, R., Bradai, M., Mesrati, N. "Effect of
NiAl Bond Layer on the Wear Resistance of an Austenitic
Stainless Steel Coating Obtained by Arc Spray Process,"
SAE Int. J. Mater. Manf. 16(4):321-330, 2023, (2022).

[38] Mirshekari R., Daee S., Fatoureh Bonabi S., Tavakoli
Shoushtari M., Shafyei A., Safaei M., "Effect of
Interlayers on the Microstructure and Wear Resistance of
Stellite 6 Coatings Deposited on AlISI 420 Stainless Steel
by GTAW Technique”, Surfaces and Interfaces,9,
(2017).

1825

[39] Purushotham N., Santhy F.T., Babu P., Govindarajan S.,
Rajasekaran B., "In Situ High-Temperature X-ray
Diffraction Study on Atmospheric Plasma and
Detonation Sprayed Ni-5 wt.%Al Coatings", Journal of
Thermal Spray Technology,32, (2023).

[40] Banea, M. & Silva, L.F.M. (2009). "Adhesively bonded
joints in composite materials: An overview" . Proc. Inst.
Mech. Eng. Part L: J. Mater. Des. Appl..223. 1-18.

[41] Chowdhury T.S., Mohsin F.T., Tonni M.M., Mita N.H.,
Ehsan M.M., "A critical review on gas turbine cooling
performance and failure analysis of turbine blades",
International Journal of Thermofluids,18, 100329,
(2023).

[42] Ugla A., Mushtaq H., Zainalabden 1., Dhuha K.,
"Enhancing thermal properties of steam turbine blades by
coating with nanomaterials", (2021).

[43] Shubenko A.L., Tarelin A.O., "Simulation of the
Erosion-Corrosion Destruction Process of Steam Turbine
Low-Pressure Cylinder Blades", Journal of Mechanical
Engineering - Problemy Mashynobuduvannia,26(1):
29-38, (2023).

[44] Bagcan Kayihan A, Kaya C. ¢Improving Erosion
Properties Of Steam Turbine Blades Via Surface
Modifications’’. Sigma. 35(2):253-6., (2017).

[45] Houdkova, S.; Cesanek, Z.; Polach, P. “’Performance of
Selected Thermally Sprayed Coatings for Power
Applications’’. in Thermal Spray Coatings for Power
Applications, Springer, (2022).



	24- 2826_Murat Kayaalp_1
	24- 2826_Murat Kayaalp_2

