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The presented work deals with the research of the super-alloy Inconel 713LC, on which an Al-based
coating was applied using the ""Out-of-pack" diffusion coating process, or CrAl. In this contribution, the
results of measuring the thickness of thin coatings using a confocal laser microscope and the method of
impedance spectroscopy are presented and discussed. This can demonstrate the possibility of being used
also for researching the properties of thin layers using a VF probe, which, thanks to the use of ferrite, has
a practically constant inductance in the entire frequency range, and the presence of a metal sample in the
magnetic circuit of the probe was manifested as a result of eddy currents by a significant decrease in the
inductance value at higher frequencies. However, the measurements require precise measurement of
impedance with an accuracy of Im& and phase angle with an accuracy of 0.001° with high stability of the
measuring frequency. For a better assessment of the parameters of the layers, it is necessary to extend
the frequency range of the measurement to the range of MHz units.
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1 Introduction often improved and modified by adding other
elements such as Cr, Pt, and Si [19-22]. Chromium-
modified aluminum diffusion coatings, among others,

. ) L offer very effective thermal corrosion protection for
temperature properties, especially their high strength nickel-based superalloys. In addition, Al-Cr diffusion

and. toughness, hlgh temperature stability, agd coatings can be successfully applied up to 1000 °C
environmental resistance made them a material .
[23]. Since these components operate under

particularly sultable. for turbine bla.des, dlscs, and demanding working conditions (high temperatures
valves [1]. Degradation processes during maintenance . . .
. . . . and temperature gradients, aggressive environments,
regimes often determine the life of the turbine blade. . .
thermal shocks), protective coatings are usually

In gddmon to damage cagsed by creep,.the extremnce applied to protect the undetlying substrate from the
environment of modern aircraft, terrestrial and marine - .
high-temperature degradation. In general, there are

engines  affect t.he life of h igh temperature two types of coatings: bond coating (diffusion and
components. Despite the extraordinary oxidation and . . .
overlay coating) and modern thermal barrier coating

corrosion resistance of the Inconel 713LC [2], the A . . .
) systems consisting of bond coating and insulating
surface must be protected from environmental effects . . . :
. . i . ceramic surface layers, which through active air
[3,4] from high gases, including air and gases from .
cooling can reduce the substrate temperature to more

comb ustion _fuels,_ as operating - temperatures - in than 300 °C for the most exposed components [24—
turbine engines increase. To provide sufficient 28]

corrosion and oxidation resistance at high
temperatures, nickel-based superalloy components are
often protected by diffusion coatings [5-11], although
there is also great interest in ovetlay and TBC coatings
[12—18]. The surface of the substrate is enriched by the
diffusion reaction with aluminum. The increase in
aluminum content in the vicinity of the surface
supports the ability to form an aluminum (ALOs3)
protective scale and therefore improves oxidation and
corrosion resistance. Specific coating properties ate

Nickel-based super alloys have been widely used in
the energy industry for a long time. Their high-

Diffusion binder coatings are produced by
increasing the aluminum content of the substrate
through diffusion reactions. The high concentration
of aluminum near the surface increases the ability to
form a protective layer of aluminum oxide (ALO3),
which provides resistance to corrosion and oxidation.
Other elements such as Cr, Pt, Si, and Ti are often
added to change the specific properties of coatings
and improve their performance. In particular, it has
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been shown that the addition of chromium provides
the most effective protection against hot corrosion in
nickel alloys [27, 28]. In addition to the corrosion of
the chemically aggressive environment caused by heat
corrosion, the turbine is exposed to significant stresses
and deformations caused mainly by centrifugal and
aerodynamic forces, vibration, and thermomechanical
cycles [28].

The presented work investigates the possibilities of
using impedance spectroscopy as an indirect method
for measuring the thicknesses of thin coatings on the
Inconel 713LC superalloy, on which an Al or CrAl-
based coating was applied using "Out-of pack"
diffusion coating. A LEXT OLS 5100 confocal laser
microscope was used to control the direct
measurement method.

Tab. 3 Chemical composition of Inconel 7131.C (wt.%)

2 Materials and methods

The experimental samples were made from coated
Inconel 713LC rods [31]. The exact chemical
composition of the Inconel 713LC base alloy was
evaluated using the SPECTROMAXx emission
spectrometer and is shown in Tab. 1. Macroscopic
examination of the castings of Inconel 713LC material
revealed a dendritic structure (Fig. 1), which consisted
of columnar dendrites and equiaxed grains. The
microstructure is typical of a cast Ni-based superalloy
and consists of a y-matrix, a strengthening phase y'
(cuboidal Ni3(Al, Ti) coherent precipitates) and
primary MC carbides (Fig. 2).

Cr Al Mo Nb Ti Zr

C B P S Ni

11.85 5.8 4.54 2.27 0.72 0.11

0.04 0.015 0.006 0.004 Balance

carbides

100um
Fig. 2 Microstructure of Inconel 713LC

The inductance measurements of the probe were
carried out on the basic base metal (IN713LC) and on
the surface with the implementation of thin layers
(IN713LC + AL IN713LC + CrAl). The measurement
was carried out with an RLCG bridge and the working
frequency range was 100-200 kHz according to the
device setting at a voltage of 1 V. The measuring probe
was made from a ferrite ring, which was cut with a
diamond saw. 15 turns of HF wire were wound on the
ferrite half-ring. In order to stabilize the device after
switching on and during its use, a control
measurement of the probe's own parameters was
carried out before each measurement without the
presence of the measured ones samples (designation
"air" .

3 Results and discussion

The interface between the outer species and the
diffusion zone is well defined especially in the case of
the IN713LC + Al sample (Fig. 3), while in the case
of the IN713LC + CrAl sample (Fig. 4), the interface
is more difficult to recognize due to the
supersaturation of the diffusion zone and outer Cr
layer [2]. The thickness of both types of samples was
5 mm. The measurement of the thickness of the layers
[29, 30] was carried out on the device CLM LEXT
OLS 5100. The total thickness of the layer on the
sample IN713LC + Al reached the value of 58.382
um, while the ratio of the outer layer and the diffusion
zone was approximately the same. On the IN713LC
+ CrAl sample, a significantly thicker outer layer
compared to the diffusion zone was observed in a
ratio of 4:1. The total thickness of the layer in the
given sample was 75.709 pm.
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~ substrate

Fig. 3 Thickness of layers of Inconel 713L.C + Al

substrate

Fig. 4 Thickness of layers of Inconel 7131.C + CrAl

Evaluation of the microhardness of the base
superalloy Inconel 713LC as well as its diffusion zones
and outer layers, which are based on Al, or CrAl were
evaluated on a QATM Qness 10 CHD MASTER+
device. When measuring the microhardness, the
Vickers method was used with HVO0.1 load. The
microhardness of the base super-alloy Inconel 713LC
had a value of 382 HV0.1. In the Inconel 713LC + Al
sample (Fig. 5), the diffusion zone microhardness
value increased to 562 HVO0.1. The increase in
hardness is caused by a combination of two factors.
The first is the growth and spheroidization of the y'
phase, and the second is the dissolution of primary
carbides and the precipitation of secondary carbides in
the grain boundaries of the y phase [32]. The Inconel
713LC + CrAl sample (Fig. 6) reached a
microhardness of 514 HVO0.1 in the diffusion zone,
and the microhardness increased to 689 HVO0.1 in the
outer layers.
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Fig. 5 Microbardness of layers of Inconel 7131.C + Al
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Fig. 6 Microbardness of layers of Inconel 7131.C + CrAl

A control measurement without the use of samples
labeled "ait" (Fig. 7 and Fig. 8) shows that the probe
has practically constant inductance in the entire
frequency range due to the use of VI ferrite. The
presence of a metal sample in the probe's magnetic
circuit was manifested by a significant decrease in the
inductance value at higher frequencies. In the case of
the IN713LC + CrAl sample, an additional decrease
in the value is evident, probably due to the structural
inhomogeneity of the layer, which is caused by the
increased Cr content. During measurement, the device
determines the absolute value of the impedance and
the phase angle from the complex impedance (Fig. 9
and Fig. 10). During the measurement, the influence
of the thin layer was evaluated with respect to the
reference state, which was the surface without a thin
layer. The different properties of the IN713L.C + CrAl
layers are evident from the graphs, where the layer
with IN713LC + Al shows significantly smaller
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changes in impedance depending on the frequency,
which indicates a better homogeneity of the coating,
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4 Conclusions

Realized measurements in the presented article
dealt with possibilities of wusing impedance
spectroscopy for indirect measurements of thin layers
of Al and Cr-Al coatings on Ni-based Inconel 713L.C
superalloy applied by the "Out-of-pack" diffusion
method. Experimental measurements demonstrate
the possibility of using impedance spectroscopy
methods for research on measuring the thickness of
thin layers based on Al and Cr. However, the
measurements require precise measurement of
impedance with an accuracy of 1mQ and phase angle
with an accuracy of 0.001° with high stability of the
measuring frequency. For a better assessment of the
parameters of the layers, it is necessary to extend the
frequency range of the measurement to the range of
MHz units, which will be the subject of future
research.
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