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Abstract: In this article, we conduct research on the effect of corrosion tests on the hydrogen diffusion
process in gas steel in electrochemical permeability tests. This tests show that a long corrosion test
time reduces the hydrogen diffusion coefficient by an order of magnitude, indicating the formation
of aging defects in the steel. During operation, the diffusion coefficient decreases by two orders of
magnitude, which also indicates the formation of a large number of defects in the steel. Consequently,
based on the change in the diffusion coefficient in the material, it is possible to assess the degree of
material failure.
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1. Introduction
One of the most important scientific and technical problems of recent years is the
problem of extending the life of the safe operation of gas pipelines due to the increased risk
of technogenic accidents caused by insufficient operational reliability of the metal [1–3].
The most common type of damage to structural materials (such as steel, copper, aluminum,
etc.) is corrosion [4]. The main cause of accidental destruction on trunk pipelines is stress
corrosion cracking. The stress corrosion cracking caused accidents in at least 60% of cases in
the period from 1991 to 2005 according to the data provided by Gazprom [5]. Any accident
can lead to disastrous consequences for both the environment and human life. For example,
100 square meters of soil were contaminated during an accident at an oil pipeline in the
Republic of Komi (Russia) in 1994. In this case, the costs of eliminating the consequences
amounted to more than 100 million US dollars [6,7]. Another example is the accident of a
gas pipeline in Louisiana (USA) where 17 people died [8]. The cause of these accidents is
the stress corrosion cracking, caused by the aging of the pipeline metal. In this regard, the
study of the stress corrosion cracking in pipeline steels is of great interest.
The widespread use of steel 10G2 as a single-seam welded pipe for the main pipeline is
due to its characteristics such as high strength and ductility; high corrosion and mechanical
strength; high reliability with static, cyclic and dynamic effects; resistance to ductile
and brittle fracture at low temperatures down to −70 ◦ C; the service life of materials
is at least 25 years. Pipelines made of this steel are mainly used to transport oil, gas
and other hydrocarbons. The composition of these elements contains hydrogen which,
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penetrating deep into the material, leads to a distortion of the crystal lattice, which leads
to hydrogen embrittlement of the first kind [9–11]. In addition, hydrogen is contained in
the atmosphere, groundwater and salts, acids and alkalis dissolved in them. In pipeline
steels, a high concentration of carbon is formed in the ferritic matrix to ensure high strength
of the products. Such a structure dissolves in crystal defects over time due to the nonequilibrium state. In a corrosive environment, a microscopic galvanic couple arises near
each micromixture, in which an impurity is the cathode, and the base metal is the anode,
which is destroyed. Cementite is such an impurity in steel. All carbon can dissolve
only on dislocations at low supersaturation. If the supersaturation is significant, and
the number of dislocations is not enough to capture all carbon atoms, it also diffuses to
the grain boundaries and accumulates there. Formation of secondary phases on grain
boundaries can cause local microstresses, which lead to the formation of cracks. An increase
in the number of cracks leads to a gradual destruction of the material. One approach to
qualitatively assess the degree of damage to the material is the study of the permeability of
hydrogen through the material.
Studies of the effect of various defects on hydrogen diffusion in steels have found
wide application in the world. For example, Rivera et al. [12] in 2012 showed the dependence of hydrogen diffusion coefficient on the degree of cold rolling in pipe steel API
5L X60. It was shown that weak (reversible) hydrogen traps predominate in the steels.
Hack et al. [13] in their study of the effect of the microstructure and composition of X70
steel on hydrogen permeability by the hydrogen electrochemical permeability method
showed that the change in the number of alloying elements directly affects the diffusion
of hydrogen. The authors suggest that the difference in diffusion coefficients is related to
the difference in microstructure from the surface to the volume, as well as to the different
number of dislocations. Drexler et al. [14], studying the fatigue failure of steels in air
and in hydrogen environment, showed that API-X70 steel fails faster in hydrogen than
in air. The authors attribute this to the penetration of hydrogen deep into the sample
and subsequent accumulation in defects. Hydrogen accumulation in defects leads to an
increase in interfacial microstresses and the appearance of microcracks. Olden et al. [15]
investigated API-X70 pipeline steel for hydrogen diffusion and mechanical properties.
The initial material, weld and heat-affected zone were investigated. The authors noted
that the concentration of hydrogen in the studied samples did not exceed 1 ppm, which
indicates a small accumulation of hydrogen in the steels. The fact that the weld has the
lowest diffusion coefficient indicates that the martensitic structure is a delay factor. Hung
M. Ha, Jia-He Ai and John R. Scully [16] in a study of the effect of cold work on diffusion
and hydrogen trapping in API-X70 steel by electrochemical permeation determined that
during deformation, mainly two types of hydrogen traps with activation energies of 8.9
and 14.9 kJ/mol are formed in the material. Traps with lower energies are reversible and
correspond to dislocation lines or vacancies. Traps with higher activation energies can
be dislocation piles, vacancies or a network of sessile dislocations, which are considered
irreversible at room temperature.
These studies are extremely interesting and important for studying hydrogen diffusion
in pipeline steels because they show the effect of defects formed during deformation on
hydrogen diffusion. In the present work, a study of operating conditions on hydrogen
diffusion was carried out. Three series of specimens were used for this purpose: the original
steel, steel after accelerated corrosion testing and steel taken out of service as a result of an
accident. Thus, the effect of defects formed during material aging and corrosion during
operation was investigated.
Many kinds of defects in the crystal structure and various kinds of inclusions of
secondary phases form in pipeline steels during operation, one of the criteria for assessing
the degree of development of critical defective material structure can be considered the
hydrogen diffusion coefficient in the material. This is since various types of defects are
hydrogen capture centers and directly interfere with the diffusion of atoms in the material.
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Therefore, since the hydrogen diffusion coefficient has an inverse time dependence, the
smaller its value, the more defects there are in the material.
Currently, the problem of corrosion of gas pipelines is very well studied. Hydrogen
embrittlement is distinguished, among other things, as a corrosion mechanism leading
to a special type of corrosion, the so-called stress corrosion cracking. These mechanisms
have been studied quite deeply, but the mechanism of the infinitely slow dissociation of the
components of natural gas (methane) flowing through gas pipelines on their inner metal
surface has never been considered before. An analogue of this process has long been well
known in production-it is steam reforming of methane, where methane is dissonated to
carbon and hydrogen in the presence of water vapor under the action of Fe, Ni, Co catalysts.
The equations of chemical kinetics for these processes require a high temperature-about
600 K, however, they leave the possibility of such reactions occurring at 270 K, albeit at a
very low rate. In this work, for the first time, it is the intrinsic dissociation of methane inside
pipelines as a source of hydrogenation of the metal of their inner surface that is investigated.
Estimates show that the positive hydrogen ions released as a result of methane dissociation
are readily captured by the metal surface, which has a lower electrochemical potential, and
over the years of operation, they allow accumulating a significant amount of hydrogen,
which undoubtedly leads to hydrogen embrittlement of pipeline steel as such and to the
manifestation of this embrittlement in the form stress corrosion cracking.
There are several methods for studying hydrogen diffusion through metal membranes.
One of such methods is the study of diffusion by electrochemical penetration. The use of
this method is implemented in many experimental installations [17–19]. The advantage
of this method is its simplicity and the possibility of studying hydrogen diffusion in
aggressive media. The disadvantages are that in this method it is not possible to change
the temperature of the experiment.
Another similar method of studying hydrogen diffusion through metal membranes
can also be distinguished. The main difference from the previous method is the use of a
mass spectrometer as an identifier of released hydrogen. The operating principle of the
experimental setup for studying hydrogen permeability through a metal membrane by
electrochemical permeation and mass spectrometric analysis [20,21] is as follows. The metal
foil under study is placed between two compartments, which are hermetically secured
due to the design of the setup. When the circuit is closed, direct current flows through
the electrolyte in the first compartment, as a result of which hydrogen ions are released
again on the metal membrane, which is the cathode, and the acidic residue is deposited
on the anode. Over a period, due to diffusion processes, hydrogen penetrates deep into
the crystalline structure of the membrane and passes through its entire thickness, thereby
entering the second compartment of the high-vacuum chamber. An important feature of
this method is the possibility of studying the interaction of hydrogen isotopes and metals.
Another method of studying the permeability of hydrogen through metal membranes
has also been implemented in many experimental facilities [22,23]. An important distinguishing feature of which is the study of the interaction of metals with hydrogen in the
gas phase. Experimental complexes of this type can be used to study the effect of various
one-way hydrogenation processes of a metal membrane on various protective coatings
using a wide range of different saturation parameters, which contributes to an even deeper
study of metal-hydrogen systems. In contrast to previous installations, the implementation
of this type of unit is more expensive.
In this article the possibility of using the diffusion coefficient as a criterion for the
degree of pipeline material degradation during operation is tested. As studies have
shown, accelerated corrosion tests lead to a change in the diffusion coefficient by 1 order of
magnitude, which is associated with the formation of oxides and accumulation of hydrogen.
During 25 years of pipeline operation, redistribution of carbon and formation of secondary
cementite phase occur in the material, which leads to changes in the diffusion coefficient
by 2 orders of magnitude.
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2. Materials and Methods
In this work, we used the electrochemical method for studying the diffusion of hydrogen. The method consists in the following: a metal test membrane is placed between
two electrochemical compartments, which is hermetically fixed. When direct current flows
through the electrolyte, in the anode compartment, hydrogen ions are released on the
surface of the test sample acting as the cathode and the acid residue is deposited on the
anode. Hydrogen ions deposited on the surface diffuse into the bulk of the material and,
after a certain period, are separated from the reverse side into another compartment, where
they are deposited on the reference electrode. In this method, to find the hydrogen permeability parameters, it reduces to solving the Fick Equations (1) and (2) [24] with boundary
conditions of the first kind (3):
∂C
J = − D , m2 /s
(1)
∂x
∂2 C
∂C
= D 2,
∂t
∂x

(2)


C |t=0 = 0, 0 ≤ X ≤ l,



√
C t≥0 = S H P0 , X = 0 ,



C |t≥0 = 0, X = l.

(3)

when C is concentration, J is flow, SH is hydrogen solubility, P0 is hydrogen pressure, l is
thickness of membrane.
At the input side of the sample, a concentration equal to the equilibrium solubility
is instantly established, and at the initial side of the sample, the hydrogen concentration
is zero.
In accordance with Fick’s first law, the flow of hydrogen through a unit area membrane
is written as follows:



 
Dπ 2 n2
DS H
πn 
∞
1 + 2 ∑n=1 cos
x exp −
t
.
(4)
J=
l
l
l2
For the flow on the output side of the membrane (Jout ), based on the first Fick law, we
have the expression:
Jout





DS H
Dπ 2 n2
∞
n
=
t
1 + 2 ∑n=1 (−1) exp −
l
l2

(5)

To calculate the diffusion coefficient, use a stationary flow value (Jst ) having the
following expression:
DS H
Jst = J (t, l )|t→∞ =
.
(6)
l
Studying the dependence J(t), we can distinguish the characteristic point, this is the
time of establishment of half of the stationary flow t0.5 (Figure 1).
To calculate the diffusion coefficient, it is necessary to use the following formula [25]:
D=
where l is membrane thickness.

l2
,
6t0.5

(7)
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Figure 1. The curve of hydrogen permeability through a metal membrane.

Figure 1. The curve of hydrogen permeability through a metal membrane.
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(a)

(b)

(c)
Figure 3. Microstructure of the surface of steel grade 10G2: (a) steel in its original state; (b) steel after
accelerated corrosion testing; (c) steel decommissioned.

An initial sample of structural alloy steel 10G2, cut from a gas pipe before and after
operation, as well as samples subjected to accelerated corrosion tests, were examined
by scanning electron microscopy (SEM, Hitachi High-Tech Corporation, Kawasaki City,
Japan) on a Hitachi S-3400N microscope with an energy dispersive spectrometer. This
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A micrograph of the surface of the initial steel sample obtained by
backscattered electrons, as well as maps of elements are shown in Figure 6a–h
backscattered electrons, as well as maps of elements are shown in Figure 6a–h
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Figure 6. MicrographFigure
of the surface
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steel
10G2 (BSE)
and maps
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6. Micrograph
surface
of a (a)
sample
of steel
(BSE) (a) and maps of the distribution
of elements, (b) iron, (c) chromium, (d) nickel, (e) manganese, (f) silicon, (g) oxygen, (h) carbon.

of elements, (b) iron, (c) chromium, (d) nickel, (e) manganese, (f) silicon, (g) oxygen, (h) carbon.

Based on the micrograph of the sample surface, it can be concluded that the surface
is homogeneous in composition. According to the maps of the distribution of elements,
the sample corresponds to the chemical composition of steel grade 10G2 and consists of
an alloy of iron, manganese, chromium and nickel. Oxygen (iron oxides and other substances) and carbon, which are surface contaminants, are present in small amounts. Silicon, which was found in small amounts over the entire surface during the study of this
sample, was concentrated in some dark areas, which are a contaminant on the surface of
the sample, as well as in a few voids. This contaminant may be nothing more than the

(h)
Figure 6. Micrograph of the surface of a sample of steel 10G2 (BSE) (a) and maps of the distribution
of elements, (b) iron, (c) chromium, (d) nickel, (e) manganese, (f) silicon, (g) oxygen, (h) carbon.
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Based on the micrograph of the sample surface, it can be concluded that the surface
10 of 22
is homogeneous in composition. According to the maps of the distribution of elements,
the sample corresponds to the chemical composition of steel grade 10G2 and consists of
an alloy of iron, manganese, chromium and nickel. Oxygen (iron oxides and other substances) and carbon,
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Figure 7. Micrograph (a) with EMF spectra (b,c) of the surface for a sample of steel 10G2.

Figure 7. Micrograph (a) with EMF spectra (b,c) of the surface for a sample of steel 10G2.
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The EMF results indicate that the sample surface does not contain any impurities,
except for aluminum, which was recorded in an extremely small amount in the sample
composition. The few dark areas on the surface that are associated with contaminants
include carbon, oxygen, sodium, sulfur, chlorine, silicon and calcium.
Figure 8 shows a photograph of the surface of a 10G2 steel sample exposed to the
corrosive effect of a gas environment and moisture (#2). The observation was carried out in
(c) the visually corroded area.
an uncontaminated area bordering
Figure 7. Micrograph (a) with EMF spectra (b,c) of the surface for a sample of steel 10G2.
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Figure 8. Photo of a 10G2 steel sample exposed to an aggressive humid gas environment. The
Figure 8. Photo of a 10G2 steel sample exposed to an aggressive humid gas environment. The area of
of observation is shown in red.
observation is shown in red.
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Corrosion precipitates and areas with damaged surfaces are observed, and such areas are
observed over the entire surface of the sample.
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According to the above micrograph, there are traces on the surface after polishing.
Corrosion precipitates and areas with damaged surfaces are observed, and such areas are
observed over the entire surface of the sample.
A micrograph of the surface and maps of the distribution of elements for a steel sample, which was exposed to moisture and an aggressive gas environment, was obtained by
registering backscattered electrons (Figure 10a–h).
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an aggressive gas environment, and a map of the distribution of elements, (b) iron, (c) chromium,
nickel, (e) manganese, (f) silicon, (g) oxygen, (h) carbon.

(d) nickel, (e) manganese, (f) silicon, (g) oxygen, (h) carbon.

Based on the micrograph of the sample surface and the distribution maps of the elements, it can be concluded that the surface is heterogeneous in composition due to the
numerous regions where Fe2O3 and Fe2O3 deposits (rust) are present. In these areas, there
is an increased amount of oxygen and carbon, which is concentrated in the pores and
voids that have arisen due to the aggressive effects of gas and moisture. In addition, even
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Based on the micrograph of the sample surface and the distribution maps of the
elements, it can be concluded that the surface is heterogeneous in composition due to the
numerous regions where Fe2 O3 and Fe2 O3 deposits (rust) are present. In these areas, there
is an increased amount of oxygen and carbon, which is concentrated in the pores and voids
that have arisen due to the aggressive effects of gas and moisture. In addition, even in areas
without the release of corrosion products, numerous cracks, deep voids of small diameter
and other damage are observed. The elements manganese, chromium and nickel are evenly
distributed over the sample surface. Areas were observed in which a large amount of
silicon is present.
Figure 11 shows a micrograph of the sample surface (Figure 11a)
with spectra obtained
14 of 23
by energy dispersive X-ray spectroscopy (EDS) (Figure 11b–d).
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Figure 11. Micrograph (a) with EMF spectra (b–d) of the surfac
moisture and an aggressive gas environment.
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Figure 12. Photo of a 10G2 steel sample cut from a previously operated gas pipeline. The area of
observation is shown in red.

Figure 13 shows a micrograph of the surface of this sample at different magnifications.

Figure 12. Photo of a 10G2 steel sample cut from a previously
observation is shown in red.

Figure 12. Photo of a 10G2 steel sample cut from a previously operated gas pipeline. The area of
observation is shown in red.

Figure 13 shows a micrograph of the surface of this sample at different magnifications.

Figure 13 shows a micrograph of the surface of thi
tions.
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cut
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previously
operated
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pipeline (SE) at 60 times (a) and 1000 times (b) magnification.
pipeline (SE) at 60 times (a) and 1000 times (b) magnification.
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Figure 14. Micrograph of the surface of a 10G2 (BSE) steel sample (a) cut from a previously op
gas pipeline, and a map of the distribution of elements (b)iron, (c)chromium, (d)nickel, (e)m
nese, (f)silicon, (g)oxygen, (h)carbon. (h)
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nese, (f)silicon, (g)oxygen, (h)carbon.
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[28]. excited by a radio frequency source and an optical emission spectromeStudies of the elemental composition of steel grade 10G2 shows the following results
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Studies
of the elemental composition of steel grade 10G2 shows the following results

(Table 3).
Table 3. The elemental composition of experimental samples of steel grade 10G2.

Element
C

#0
0.056

Content, Mass. %
#1
0.060

#2
0.051
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Table 3. The elemental composition of experimental samples of steel grade 10G2.
Element

Mn
C
Si S
Mn
Cr
S
Fe
Cr
Fe

Content, Mass. %
#0

1.291
0.056
0.005
0.611
1.291 0.017
0.005
98.020

0.017
98.020

#1

#2

0.017
97.950

0.051
0.264
1.364
0
0.021
98.300

1.331
0.060
0.005
0.637
1.331 0.017
0.005
97.950

1.364
0
0.021
98.300

Elemental analysis shows that there is no significant difference between the test samples. Small
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obtained using Cu Kα1/α2 radiation.
patterns were obtained using Cu Kα1/α2 radiation.
Figure 16 shows the diffraction patterns for steel in its original state, steel after accelFigure 16 shows the diffraction patterns for steel in its original state, steel after accelererated
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steel
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andand
steel
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16.Diffraction
Diffraction patterns
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of steel
10G2. 10G2.
Figure
patternsofofa series
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of experimental
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of grade
steel grade

Analysis of the diffraction pattern of all samples shows the presence of only the
Analysis
of the
pattern
of crystalline
all samples
shows theCell
presence
of only
alpha-iron
phase
withdiffraction
a body-centered
cubic
modification.
parameters
are the alpha-iron
with
presentedphase
in Table
4. a body-centered cubic crystalline modification. Cell parameters are

presented in Table 4.
Table 4. The results of the structural-phase analysis of experimental samples of steel grade 10G2.

Table 4. The results of the structural-phase analysis of experimental samples of steel grade 10G2.
Parameters

#0

#1

#2

Parameters
#0 α-Fe_VCC
#1 α-Fe_VCC #2
Detected
phases
α-Fe_VCC
The contentDetected
of phases, phases
vol. %
100
100
α-Fe_VCC
α-Fe_VCC 100 α-Fe_VCC
2.0271
2.0254
2.0280
Interplanar distance d, Å
The content of phases, vol. % 2.867
100 2.864
100
100
2.868
Lattice parameter a, Å
Interplanar distance d, Å
2.0271
2.0254
2.0280
Lattice parameter a, Å
2.867
2.864
2.868
Based on the presented results, the impact on steel of an aggressive environment and
high pressure does not affect the elemental and structural-phase composition of steel. This
allows you to use the diffusion coefficient of hydrogen as a parameter that determines the
possibility of safe use of the pipeline.
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Based on the presented results, the impact on steel of an aggressive environment and
high pressure does not affect the elemental and structural-phase composition of steel. This
allows you to use the diffusion coefficient of hydrogen as a parameter that determines the
possibility of safe use of the pipeline.
Based on the data presented
above, accelerated corrosion tests lead to significant degUniaxial tensile tests were performed on a Com Ten DFM-5000 (Com-Ten Industries,
radation of mechanical
properties:
thetesting
proportionality,
elasticity
and fluidity limits are
Pinellas Park, FL, USA)
machine at room
temperature.
Based of
on the
the data
presented
above,
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lead toof
significant
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tensile
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7% and tests
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the
degradation
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properties:
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elasticity
and
fluidity
limits
maximum relative elongation decreases by 18%. This may indicate embrittlement of pipeare reduced by 20%; the value of the tensile strength decreases by 7% and the value of
line steel due to exposure
to a corrosive environment.
the maximum relative elongation decreases by 18%. This may indicate embrittlement of
The experimental
samples
were
subjected
to an experiment
pipeline
steel due
to exposure
to a corrosive
environment.on the permeability of
hydrogen with the following
parameters:
current
anode compartment
≈300 of
The experimental
samples
weredensity
subjectedintothe
an experiment
on the permeability
2
hydrogen
with
the
following
parameters:
current
density
in
the
anode
compartment
mA/cm ; experiment time is 22 h. The resulting permeability curves are shown in Figure
≈300 mA/cm2 ; experiment time is 22 h. The resulting permeability curves are shown
17.
in Figure 17.
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Figure
17. Hydrogen
permeability
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rosion testing; (c) steel decommissioned.

Using the previously described methodology for calculating the diffusion coefficient,
the following data are obtained, presented in Table 5. The diffusion coefficient in the original
Using the previously described methodology for calculating the diffusion coefficient,
steel lies in the range typical for this class of materials, which indicates the operability of

the following data are obtained, presented in Table 5. The diffusion coefficient in the original steel lies in the range typical for this class of materials, which indicates the operability
of this methodology. The difference in diffusion coefficients in steels subjected to different
operating parameters can be associated with the accumulation of many defects in the materials during operation. As is known, any defects in the crystal structure are hydrogen
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this methodology. The difference in diffusion coefficients in steels subjected to different
operating parameters can be associated with the accumulation of many defects in the
materials during operation. As is known, any defects in the crystal structure are hydrogen
capture centers, which prevent the diffusion of hydrogen in the material.
Table 5. Diffusion parameters in experimental samples.
Parameter
Sample Thickness, microns
The time to establish half of the
stationary flow, min
Diffusion coefficient, cm2 /s
Literature data of the diffusion
coefficient [29–32], cm2 /s

Batch Number
#0

#1

#2

330

330

280

13

78

225

2.3 × 10−7

3.9 × 10−8

9.7 × 10−9

2 × 10−7 –5 × 10−6

−

−

As noted in the papers above, the study of the effect of various defects on hydrogen
diffusion is quite common. For example, in papers [12,16] the effect of cold rolling on
hydrogen diffusion coefficient is investigated. At different degrees of rolling this value
changes not more than 3 times. In [13] the effect of the number of alloying elements on the
hydrogen diffusion coefficient is shown. In this work, the change in the diffusion coefficient
is also observed not more than 3 times. The present paper investigates the effect of
accelerated corrosion tests and real operating conditions on hydrogen diffusion in pipeline
steel. Considering the results of microscopy and EDX in the material there is a redistribution
of carbon and formation of secondary phases. Furthermore, the material accumulates
oxygen with the formation of oxides and various gaseous impurities. The accelerated
corrosion tests lead to a change in the diffusion coefficient by one order of magnitude,
which indicates many different defects in the material. However, real operating conditions
over long periods of time have a more significant effect on the diffusion coefficient. This
is probably due to the diffusion rate of carbon in the iron, as indicated by the presence of
more secondary cementite phases in the steel.
4. Conclusions
In this paper, a methodology has been developed to use the hydrogen diffusion
coefficient as a criterion for assessing the degree of pipeline material degradation. Since
any defects affect the mobility of hydrogen in the material, it is possible to qualitatively
assess the damage obtained during operation.
To confirm material degradation during operation, metallographic, structural-phase
and elemental analysis of 10G2 steel in different states was performed: initial material,
material after accelerated corrosion tests and the material taken out of operation due to
emergency condition. These studies show that the main mechanism of hydrogen diffusion
rate change in the material is a reduction of grain size and release of second phase particles.
Tensile tests show that defects accumulate in the material during aging, which leads to
deterioration of mechanical characteristics.
Electron microscopy and EDX data show that oxides with weak carbide release form
in the material subjected to accelerated corrosion tests. In the material that has been in
service for 25 years, the carbide release is significantly higher. This may be due to the low
diffusion rate of carbon in iron.
For the first time, it was shown that the study of hydrogen diffusion makes it possible
to qualitatively estimate the degree of material degradation. In the original steel, the value
of the diffusion coefficient is close to the literature data, which indicates the operability
of this technique. In decommissioned steel due to an accident condition, the diffusion
coefficient changes by two orders of magnitude, which confirms the formation of many
aging defects. The change in the diffusion coefficient by one order of magnitude in the
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steel subjected to accelerated corrosion tests indicates the possible appearance of aging
defects during testing.
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