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The fatigue response and high-temperature corrosion resistance of Inconel 740
nickel alloy in its as-received state, and the same material with aluminized
surface layer, were investigated. The aluminized layer was applied by using
the chemical vapor deposition process with the participation of AlCl; vapors
under a hydrogen protective atmosphere at a temperature of 1040°C for 8 h
and internal pressure of 150 hPa. The microstructure of the aluminized layer
was characterized through scanning electron microscopy and x-ray energy
dispersive spectroscopy analysis. It was found that Inconel 740 with an alu-
minized surface exhibited an improved hardness and fatigue response of
100 MPa in the whole range of stress amplitudes from 350 MPa to 650 MPa.
Additionally, the application of the aluminization process enhanced service
life as well as the corrosion resistance of the alloy in question and effectively

protected it against high-temperature corrosion.

INTRODUCTION

Materials for the turbine blades in aero-engines are
exposed to high temperature, thus the alloys used in
such applications should possess outstanding hot corro-
sion and oxidation resistance.! Another sector in which
structural materials operate under high temperature
and increased pressure is the power energy industry,
commonly powered by fossil coal. The continuous devel-
opment in this industry is aiming to reduce CO,
emissions; however, it simultaneously leads to an
increase in the temperature and pressure during power
plant operation. The current operating temperature in
power plants reaches up to 760°C, while the pressure
generated could be as high as 35 MPa.? Such extreme
conditions significantly reduce the number of materials
that can be used.? These materials must be character-
ized by excellent oxidation resistance, microstructural
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stability, and adequate creep resistance during harsh
service conditions.” It is known that nickel-based super-
alloys are characterized by excellent mechanical prop-
erties, even under extreme conditions, due to their two-
phase microstructure and their complex chemical com-
position.” Among the nickel alloys, the precipitation-
hardened Inconel 740 is known for its high creep
strength and corrosion resistance. One should note that
during creep at a temperature of 700-800°C, y-austenitic
phase and formation of the so-called lower carbides
My3Cg could be observed. Inconel 740 has been devel-
oped for advanced ultra-supercritical steam boilers and
it is mainly used for such purposes.® Although it is
characterized by excellent oxidation resistance, the
microstructural changes observed during high-temper-
ature exposure on the surface layer could significantly
reduce its strength properties, including tensile strength
and hardness.” Oxidation of the Inconel 740H alloy leads
to the formation of hard internal oxide particles and
simultaneous reduction in the extent of the ductile
phase, which consequently contributes to a decrease in
creep strength and limited crack resistance.*®’


http://orcid.org/0000-0003-4874-7368
http://orcid.org/0000-0001-9565-3407
http://orcid.org/0000-0002-3955-5607
http://orcid.org/0000-0002-8953-2163
http://orcid.org/0000-0002-8426-8068
http://orcid.org/0000-0002-8128-0846
http://crossmark.crossref.org/dialog/?doi=10.1007/s11837-022-05662-w&amp;domain=pdf

Components operating at high temperature are
particularly exposed to oxidation and degradation
under corrosive environmental conditions; thus,
aluminide coatings are commonly used to protect
them from damage during operation.® In order to
further increase the corrosion resistance, a high
aluminum content is applied to the surface by
means of several methods including hot dip alu-
minizing coating, pack cementation, physical vapor
deposition (PVD), and chemical vapor deposition
(CVD).? One should mention that for the proper
protection of jet engine elements, diffusion alu-
minide coatings are the most commonly used.”
They are produced by high-temperature chemical
processes during which the aluminum diffuses into
the alloy surface, and then reacts with it to form a
nickel aluminide coating. Aluminum oxidizes at
high temperature and forms a thin and dense
alumina scale, acting as a diffusion barrier that
protects the substrate from rapid degradation.!!
Although the diffusion aluminizing processes, such
as the cementation process, are efficient in terms of
performance and cost, they are not conventionally
used as they do not meet environmental stan-
dards.®"'? Therefore, the protective coating of mod-
ern turbine blades against corrosion at 700-950°C is
applied primarily by the CVD method. The CVD
method offers high repeatability, coating unifor-
mity, excellent adhesion strength, and could be heat
treated in a reaction chamber.’® The research
conducted by Yavorska et al.'® on aluminum coat-
ings obtained by using the CVD method confirms
that they increase oxidation resistance significantly.
In this study, the aluminide coating was deposited
by low-activity CVD at 760°C and 1050°C for 4 h
and 8 h, respectively, on two cylindrical samples
made of Inconel 713LC. Such a process was followed
by an oxidation test in an air atmosphere for 100 h
at 1050°C. The results show that an extended
deposition time at a higher temperature leads to
the production of a coating that effectively reduces
oxygen diffusion and successfully protects the sub-
strate from further oxidation. Another study per-
formed by Zagula-Yavorska et al.,'* in which
coating was applied to Inconel 625 by the CVD
method, confirms that aluminide coatings improve
oxidation resistance significantly at a temperature
of 1100°C, as they prevent the formation of growing
Cry03 oxides. The detailed research conducted by
Pytel et al.,'® in which the properties of coatings
deposited on Inconel 100 by different methods were
compared, showed that the thickness and oxidation
resistance of the coating depends on the application
process. In this study, the coatings were deposited
on the substrate by using CVD, vapor phase alu-
minide (VPA), and out-of-pack method. The results
demonstrated that the CVD coating is not only the
thinnest but also has the highest resistance to cyclic
oxidation at 1100°C. Furthermore, Kopec et al.'®
reported that aluminide coating enhances the
mechanical properties of nickel superalloy. It was
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found that an aluminized layer deposited on MAR
247 by a low-activity CVD process improved the
high temperature fatigue response significantly in
comparison to that of the as-received material.
Similar work was reported by Obrtlik et al.'” where
the Inconel 713LC in the as-received state, and with
aluminide coating, was subjected to a fatigue test at
800°C. It was concluded that the application of a
diffusion coating has a beneficial effect on the
fatigue life in the Manson—Coffin representation.

Since aluminide coatings applied by CVD increase
the oxidation resistance of the substrate material,®
and could potentially enhance the fatigue response
of nickel-based superalloys, the main aim of this
research was to assess the suitability of such a
method for Inconel 740. The as-received and alu-
minized Inconel 740 was subjected to fatigue testing
and hardness measurements first. Subsequent frac-
ture surface analysis was carried out to determine
the failure mechanism. Secondly, high-temperature
corrosion and its mechanisms for both these mate-
rials were assessed during long-time annealing for
100 h at 1000°C and further described by using
detailed EDS mapping. The oxidation resistance
effectiveness of the CVD coating was also analyzed
through the comparison of relative weight gain for
the as-received and aluminized Inconel 740 after
such long-time exposure.

MATERIALS AND METHODS
Material Characterization

Inconel 740, with the chemical composition pre-
sented in Table I, was investigated in this research.
The specimens were firstly machined in a computer
numerical control (CNC) lathe machine to ensure a
surface finish. Then, they were subjected to the
aluminizing process (Fig. 1a) performed by using an
IonBond apparatus and CVD process, with the
participation of AlCl3 vapors in a hydrogen atmo-
sphere (carrier gas), at a temperature of 1040°C for
8 h, and a reduced pressure of 150 hPa. The process
parameters were optimized prior to this study.

Mechanical Testing

Fatigue tests were performed on the MTS 858
testing machine, with an axial force range of
+ 25 kN. The fatigue tests were force-controlled
with zero mean level and a constant stress ampli-
tude with a frequency of 20 Hz in the range of stress
amplitude from + 350 MPa to + 650 MPa. The
range of fatigue loads was established on the basis
of the yield strength Rgs determined from the
uniaxial tensile test. Three specimens per stress
amplitude were used to ensure the repeatability of
tests. The geometry of the fatigue specimen is
presented in Fig. 1b. Microhardness measurements
were performed by means of the Vickers method on
a Schimadzu HMV-G hardness tester using a
loading force of 980.7 mN for a dwell time of 10 s.
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Table I. Chemical composition of Inconel 740 in the as-received state

Element Al Nb Ti Fe C Mn Si Cr Co Ni
Wt.% 00.90 02.00 01.80 00.60 00.03 00.25 00.40 24.66 20.12 Bal
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Fig. 1. (a) Scheme of the CVD process reaction chamber; (b) engineering drawing of the specimen for fatigue testing.

High-Temperature Oxidation

Five aluminized and five as-received specimens in
the form of 5 mm x 5 mm x 2 mm cuboids with an
initial weight of 1.5 g were subjected to the heat
resistance test at 1000°C for 100 h in an air
atmosphere. Each specific specimen was removed
from the furnace after 1h, 5h, 25h, 50 h, and
100 h in order to measure its weight and dimen-
sions by applying a precise micrometer screw gauge
and laboratory scale, respectively. Oxidation kinet-
ics was determined by mass gain and measurements
of the scale after a specific time of the heat
treatment.

Microstructural Observations

In the next step, the microstructural analysis was
performed by using a Quanta 3D FEG field emission
scanning electron microscope (SEM) operated at
20 kV with an EDS detector. Such a detector was
also used to perform a qualitative chemical compo-
sition analysis. The effect of the heat treatment
scale of the specimen on its surface for modified and
unmodified sections was analyzed on grounded and
mechanically polished cross-sections using SEM.
The specimens for microstructural characterization
were prepared by conventional metallographic pro-
cedures including hot mounting, grinding, and
polishing. After mounting, the specimens were
ground by using a Struers® polishing machine
and 600, 800, 1200, 2400, and 4000 SiC graded
papers. The polishing was carried out by means of
Metrep® Durasilk M cloth, 3-um diamond polishing
solution and water-based lubricant.

RESULTS AND DISCUSSION

Microstructural Characterization
of Aluminized Layers

Figure 2a shows the obtained uniform coating of
approximately 25 + 2 um thickness on the sub-
strate material, produced by using the aluminizing
process. The cross-sectional micrograph of the alu-
minide coating revealed the presence of three zones
for the CVD process: an outer NiAl coating, the
interdiffusion zone (IDZ), and the substrate mate-
rial. The crack observed between the IDZ and outer
NiAl coating occurred during the metallographic
preparation of the specimen. The microscopic obser-
vations showed that the thickness of the outer NiAl
layer was approximately 12 um. Below, a continu-
ous and bright 8-um-thick IDZ sub-layer, consisting
of -NiAl phase and carbides, could be clearly
observed. The characteristic morphology for the
deposition of diffusion aluminide coatings on the
surface is illustrated in Fig. 2b and c. It consists of a
“wave-like” AINi structure with well-formed bumps
formed and raised in a perpendicular direction to
the surface.'’

Effect of Aluminizing on Fatigue Response
and Microhardness Profile of Inconel 740

The microhardness measurements of the sub-
strate material and individual aluminide coating
zones of the Inconel 740 are presented in Fig. 3a.
The hardness of the as-received Inconel 740 was
equal to 350 HVO0.1. The outer coating was charac-
terized by a hardness of 639 HV0.1, which was
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Fig. 2. (a) The cross-section of aluminized Inconel 740; (b, ¢) surface morphology of aluminized Inconel 740 surface.

ascribed to the aluminum atoms distributed in the
lattice of the AINi coating. The significant improve-
ment in hardness could also be associated with the
formation of AINi phases during the high-tempera-
ture CVD process. The maximum hardness, as high
as 780 HVO0.1, occurred in the interdiffusion area
where chromium, molybdenum, and cobalt carbides
were dominant. The occurrence of such carbides
reinforces the solution strengthening and, simulta-
neously, improves the hardness of the material.'®
The effect of aluminizing on the mechanical
properties of the Inconel 740 was also investigated
during standard fatigue testing. Such tests were
performed at a room temperature of 23°C. These
feasibility studies provide insights into the defor-
mation behavior of aluminized Inconel 740 and
reveal the behavior of brittle coating subjected to
cyclic loading. The experimental results showed
that the aluminizing process improves the stress
response of the Inconel 740 specimens by 100 MPa
in the whole range of stress amplitudes from
350 MPa to 650 MPa (Fig. 3b). It should be men-
tioned that the fatigue response of aluminized

Inconel alloys at room temperature is similar or
slightly lower than the as-received material, as
reported for Inconel 714LC'® or MAR247.2%?! One
should point out that during fatigue damage devel-
opment, micro-voids are firstly initiated in the
heavily precipitated interdiffusion zone of the coat-
ing by decohesion of the precipitate from the
intermetallic matrix interface.?? Subsequently, the
coalescence of micro-voids results in the formation
of microcracks, and further failure propagates
across the coating thickness. Since the interdiffu-
sion zone of the aluminized Inconel 740 is relatively
thick (Fig. 2a), the coating might improve the
strength characteristics of the coated alloy in ques-
tion and extend its service life significantly. The
comparison of the number of cycles to failure for the
same values of stress amplitude for as-received and
aluminized Inconel 740 revealed a notable increase
of service life with a simultaneous decrease of stress
amplitude (Fig. 3c). Aluminized Inconel 740 exhib-
ited a significant increase in service life from 260%
to 430% with a simultaneous decrease of stress
amplitude from 550 MPa to 450 MPa in comparison
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Fig. 3. (a) Microhardness of the aluminized Inconel 740; (b) the S—N
curve for Inconel 740 under different surface conditions; (c) the
comparison of the number of cycles to failure for the defined stress
amplitude.

to the as-received material. A recent publication®

confirmed the suitability of the aluminization pro-
cess for the life enhancement of the nozzle guide
vane of an aero gas turbine engine. In this paper,
the coated vanes were evaluated through engine-
level tests to assess their performance and durabil-
ity. The engine level tests and subsequent inspec-
tion post accelerated emission test cycles ensured
that the aluminized vanes could withstand severe
engine operating cycles without any damage or
failure, which was not possible for uncoated parts.?*

Micrographs of the fatigue fracture surface of the
aluminized Inconel 740 are presented in Fig. 4.

Characteristic fracture surface morphologies were
observed for all aluminized specimens: an initiation
area with radial streaks along the crack propaga-
tion direction and a relatively flat surface (marked
as I in Fig. 4a and c), a propagation area with
microvoids and dimples (marked as II in Fig. 4b and
d), and an instantaneous fracture area (marked as
III). A morphologically and dimensionally homoge-
neous layer of adhesive nature obtained in the CVD
process can be observed in Fig. 4e. One can deduce
that an improved strength response during fatigue
testing might be attributed to the successfully
performed CVD process and the stiff and hard
coating formed. Crack initiation was mainly
observed in the peripheral regions, at the edge of
the specimen where the highest stress concentra-
tion occurred and the sub-surface defects could be
found (Fig. 4c and e). The propagation area, char-
acterized by microvoids, also contained microcracks
formed due to jointing pores (Fig. 4f).

Effect of Aluminizing on the Oxidation
Behavior of Inconel 740

Surface morphology analysis was used first to
investigate the oxidation process. The SEM images
of representative specimens in the as-received and
aluminized state after 1 h of oxidation at 1000°C are
illustrated in Fig. 5a, b, ¢ and d. The surface of the
as-received Inconel 740 was covered by fine (10—
30 um) precipitations of CryOsz oxides. From a
thermodynamic point of view, titanium is more
susceptible to the formation of oxides than chro-
mium. However, the content of titanium in Inconel
740 is much lower, thus the formation of chromium
oxides was mainly observed. On the other hand, the
surface of the aluminized specimen after oxidation
was mainly characterized by fine TiO, precipita-
tions, which may suggest a slower oxidation process
and, thus, an inhibited growth of CryOs oxides.
Figure 5 presents the surface of the as-received
(Fig. 5e and f) and coated specimen (Fig. 5g and h)
after 50 h of oxidation. The extended high-temper-
ature exposure causes the further formation of the
external chromium scale and fine particles of tita-
nium oxide on the uncoated specimen. Moreover,
the oxidized surface of the coated specimen mainly
consisted of aluminum oxide; however, nickel diffu-
sion led to the appearance of NiAl phase at the grain
boundaries.?*

Further oxidation at a temperature of 1000°C for
100 h led to the formation of a thin layer of NiCr,04
(Fig. 5i and j). The formation of spinels was associ-
ated with the growth of a CryO3 outer layer. The
longer heating time caused the diffusion of the
chromium to the surface, and thus its depletion in
the subsurface zone. As nickel has predominantly a
high chemical concentration in the alloy, it began to
diffuse into the surface layer, which subsequently
led to the formation of NiCrsQOy, as described in Ref.
25. Figure 5k and | presents an aluminized surface
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Fig. 4. (a, b) The as-received and (c—f) aluminized Inconel 740 fatigue fracture surfaces for a stress amplitude equal to 500 MPa.

of uniform and dense coating. The adherent and
crack-free layer was composed of randomly scat-
tered globular nodules.

In order to accurately assess the development of
the oxidation at 1000°C with respect to the high-
temperature exposure time, both the as-received
and aluminized Inconel 740 cross-sections were
analyzed after specific time ranges. The coated
specimen that was 25 um thick was characterized
by an increased content of aluminum near the
surface (Fig. 6a, Table II). The aluminum, titanium,
and niobium enriched IDZ of approximately 8 um
separates the coating from the diffusion zone of
15 yum, in which a considerable content of chromium
could be found. The chemical composition is

stable and close to the as-received condition approx-
imately 35 ym from the IDZ. On the other hand, the
uncoated specimen was covered by approximately
4 um of chromium-enriched scale (Fig. 6b). The high
temperature led to the formation of a diffusion zone
of approximately 17 ym in which an increased
content of cobalt could be observed (Table II).
Moreover, aluminum and niobium-rich areas were
found close to the specimen surface.

The extension of the high-temperature exposure
time resulted in a slight increase of the diffusion
zone for the coated Inconel 740 from 15 um to
25 pm. The segregation of the main elements can be
clearly observed in EDS maps (Fig. 6¢). The alu-
minum remained on the top part of the coating,
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while niobium, chromium, titanium, and man-
ganese diffused to the IDZ. One should note that
an annealing time of up to 50 h significantly
affected the thickness of the chromium oxide layer
of the uncoated specimen. Such a long high-temper-
ature exposure time results in the layer thickness
increasing from 4 ym to 8 ym (Fig. 6d) in compar-
ison to the case of 1 h (Fig. 6¢). A relatively long
time of annealing led to the further diffusion of
aluminum atoms to the surface, with 9% measured
near the top surface, 3% in the IDZ, and 2% just
below it (Table II). One should notice that the

thickness of the diffusion zone increased from 15 ym
to 27 ym.

Similar observations were performed by Nowak
et al.?® who studied the oxidation resistance of
aluminized Inconel 625 and Inconel 738 nickel
alloys during thermal shock at 1120°C. The test
consisted of heating the sample for 2 h, and then
cooling it for 15 min using compressed air. This
process was repeated for 200 cycles. The results
showed that the surface of samples after the
oxidation process was characterized by a scale rich
in aluminum and oxygen, which indicates the
formation of Al,O3 and the depletion of the core in

-eceve Incon 40
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i

As—ecve Inel .,“ : :

Fig. 5. The surface morphology of (a, b) as-received Inconel 740 and (c, d) aluminized Inconel 740 after (e, f) 1 h exposure at 1000°C; (g, h) as-
received Inconel 740 and aluminized Inconel 740 after 50 h exposure at 1000°C; (i, j) as-received Inconel 740 and (k, ) aluminized Inconel 740

after 100 h exposure at 1000°C.



P iy

s—reeiv_ed Inconel 74048

)

Coated ncol 740 KN
(LY)

Fig. 5. continued.

Barwinska, Kopec, Kukla, Lazinska, Sitek, and Kowalewski

the aluminum. Additionally, the dissolution of the
IDZ zone was also noticed under the influence of the
high temperature of the process and the reduced
content of aluminum.

The final extension of the homogenization time
from 50 h up to 100 h did not affect the structure of
the coated specimen (Fig. 7a). The content of the
alloying elements remained similar with the alu-
minum oxide on top of the coating (Table II—point 8,
Table III—point 1) and niobium, titanium
and chromium enriched IDZ (Table II—point 9,
Table III—point 2). The observations of the uncoated
specimen revealed a significant increase in the
chromium oxide thickness to 15 ym and a total
increase of the thickness over the entire zone by

430% in comparison to the thickness measured after
1 h of annealing. A significant content of chromium
(71.75%) and oxide (26.57%) could be found in the
formed scale. The diffusion of nickel was successfully
inhibited by the chromium oxide sublayer; however,
the diffusion zone grew considerably to approxi-
mately 50 ym (Fig. 7b). One can conclude that the
formation of protective chromium oxide restrains the
outward diffusion of alloy elements and reduces the
activity of oxygen at the alloy scale.* Such behavior
enables the stabilization of the oxidation process to a
relatively steady state. The observations of the
oxidation kinetics of uncoated Inconel 740 reveal
both the continuous growth of chromium oxide, from
4 um after 1 h of annealing to approximately 13 ym
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after 100 h, and a significant increase of the width of
the diffusion zone beneath it from 15 ym to 50 ym.
The mechanism of element diffusion remained the
same, as chemically active aluminum is effectively
inhibited below the scale. However, its limited con-
tent does not enable the formation of continuous scale
and aluminum oxides grow as inner oxides.?” The
diffusion and subsequent oxidation kinetics are
closely related to the temperature—the higher the
temperature, the higher the diffusion rate of the alloy
elements, and thus the formation of the oxide scale
increases.*

The evolution of the relative weight gain and
thickness of the oxidation scale versus the oxidation
time up to 100 h at 1000°C for the as-received and
aluminized Inconel 740 is presented in Fig. 8a and
b, respectively. Both materials exhibited a mass

gain; however, their behavior is different. It can be
observed that the as-received Inconel 740 lost its
mass after 50 h, which was probably caused by the
spallation of the oxide layer. Similar behavior was
also reported by Chyrkin et al.?® who observed the
spallation of the oxide on 1-mm-thick alloy 625
oxidized at 1000°C under air. The spallation process
was intensified during the specimen cooling and
was associated with a high residual stress (greater
than the ultimate tensile strength of the oxide). A
similar spallation was also observed for aluminized
Inconel 600 during isothermal oxidation tests per-
formed at 1000°C for 6 h, 36 h, and 90 h.?* On the
other hand, aluminized Inconel 740 exhibited a
great heat resistance as steady relative weight gain
until 50 h of annealing, followed by its stabilization
at around 0.2%. On the other hand, the evolution of

Fig. 6. The cross-section micrographs and EDS maps of (a) as-received Inconel 740 and (b) aluminized Inconel 740 after 1 h exposure at
1000°C and (c) as-received Inconel 740 and (d) aluminized Inconel 740 after 50 h exposure at 1000°C.
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oxide scale thickness presented in Fig. 8b revealed a
significant improvement in terms of oxidation resis-
tance for the coated Inconel 740. Aluminized alloy
was characterized by a relatively low and stable in-
crease in oxidation scale thickness during high-
temperature annealing for up to 100 h. Remarkable
changes were found in the uncoated alloy in which
the oxidation scale grew from the very beginning of
the annealing from 4 ym to 15 ym. The optimized
CVD process enabled the application of a tight and
well-adhered AINi coating on Inconel 740. One can
say that aluminization increases the heat resistance
of Inconel 740 significantly, and thus could be
successfully used to protect it against hot temper-
ature corrosion.

CONCLUSION

In this research, the mechanical properties of the
as-received and aluminized Inconel 740 alloy were
compared and examined using standard fatigue
tests and microhardness measurements. The alu-
minization of Inconel 740 enhanced its fatigue
response by around 100 MPa in the whole range of
stress amplitudes from 350 MPa to 650 MPa, and
increased the hardness of the modified surface by
200%. Aluminized Inconel 740 exhibited a signifi-
cant increase in service life from 260% to 430% with
a simultaneous decrease of stress amplitude from
550 MPa to 450 MPa in comparison to the as-
received material. Additionally, the application of
the aluminizing process improved the corrosion
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Table II. Chemical composition of the specific regions of the as-received Inconel 740 (1, 2, 3, 4) and
aluminized material (5, 6, 7) after 1 h of annealing at 1000°C, and of the as-received Inconel 740 (7, 8, 9) and
aluminized material (10, 11, 12, 13) after 50 h of annealing at 1000°C

Element Ni (0] Al Si Nb Ti Cr Co
1 48.46 - 13.30 - - 17.58 02.94 17.99
2 43.66 04.07 14.80 01.54 05.10 17.08 - 10.65
3 17.90 - 00.72 01.27 02.98 06.07 50.26 20.78
4 51.31 - 00.94 00.67 02.05 01.08 23.01 20.23
5 59.29 - - 00.50 01.49 00.40 14.97 23.38
6 51.68 05.98 03.18 00.43 01.27 - 13.13 20.45
7 53.72 - 00.57 00.54 01.38 01.31 21.19 21.28
8 44.80 - 09.00 00.48 00.72 01.40 20.50 23.10
9 41.51 - 03.21 00.48 05.40 08.32 20.49 20.68
10 43.40 - 02.33 00.60 06.74 02.95 23.48 20.89
11 — 22.64 - - - 01.99 75.38 -
12 59.18 - 01.94 00.48 - 00.29 13.59 24.51
13 51.28 - 00.86 00.57 01.18 01.62 23.58 20.91

Fig. 7. The cross-section micrographs and EDS maps of (a) as-received Inconel 740 and (b) aluminized Inconel 740 after 100 h exposure at
1000°C.
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Table III. Chemical composition of the specific regions of the as-received Inconel 740 (1, 2, 3) and aluminized
material (4, 5, 6, 7) after 100 h annealing at 1000°C

Element Ni () Al Si Nb Ti Cr Co
1 49.74 - 04.06 00.50 00.73 01.38 20.55 23.05
2 41.63 — 03.09 00.43 05.35 08.43 20.38 20.68
3 43.40 - 02.37 00.57 06.89 02.80 23.28 20.69
4 - 26.57 — — - 01.68 71.75 -
5 59.98 - 01.30 00.44 01.21 - 12.24 24.83
6 52.82 — 00.82 00.51 01.37 01.47 22.22 20.80

0.45 18

0.4 g 16

2035 2 14

§U 0.3 2 12

5025 210

2 o2 g8

2o1s 2 6

E 0.1 _;3': 4

0.05 E 2

E—1
0 0

1 5 25 50 100
Annealing time [h]

®maluminized Inconel 740 M as-received Inconel 740

()

1 5 25 50 100
Annealing time [h]

®aluminized Inconel 740 M as-received Inconel 740

(b)

Fig. 8. (a) The comparison of relative weight gain and (b) thickness of oxidation scale for the as-received and aluminized Inconel 740 after long-

time exposure at 1000°C.

resistance of Inconel 740 significantly, since the
effective protection of its surface against high-
temperature oxidation was successfully achieved.
The stability of relative weight gain and thickness
of the oxidation scale for the aluminized Inconel 740
corresponded to the stabilization of the aluminum
oxide during the high-temperature annealing at
1000°C either for 50 h or 100 h. It was concluded
that the aluminizing process improves the heat
resistance of Inconel 740 remarkably, and therefore
can be treated as a promising tool for protecting it
against hot-temperature corrosion.
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