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Abstract: The problem of hydrogen embrittlement remains relevant in many areas, so the FeCrNiMnCo alloy (Can-
tor alloy) generates increased interest among researchers as one of the materials least exposed to the negative effect of
hydrogen. Nevertheless, the issue of the influence of microstructure parameters on hydrogen embrittlement of the Can-
tor alloy and multicomponent alloys of the FeCrNiMnCo system in general remains understudied. This work studies
the influence of grain size on the susceptibility of a nitrogen-doped high-entropy Cantor alloy to hydrogen
embrittlement. For this purpose, states with different grain sizes (43421, 120+57, and 221+97 pum) were formed in
the (FeCrNiMnCo)yN; alloy, using thermomechanical treatments. It is experimentally found that grain refinement
leads to an increase in the strength properties of the alloy under study and promotes an increase in the resistance to
the hydrogen embrittlement: in samples with the smallest grain size, the hydrogen-induced decrease in ductility is less
than in samples with the largest one. A decrease in grain size causes as well a decrease in the length of the brittle zone
detected on the fracture surfaces of samples after tension. This is caused by a decrease in hydrogen diffusion during
the hydrogen-charging process and a decrease in the transport of hydrogen atoms with mobile dislocations during plas-
tic deformation due to a decrease in grain size.
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INTRODUCTION
It is known that hydrogen has a negative effect on metals

try. Currently, structural elements used in hydrogen-containing
working environments are made of stable austenitic steels as

and alloys, leading to a deterioration in their properties and
a reduction in service life. The issue of the need to create new
structural materials resistant to the negative effects of hydro-
gen, and to find methods for reducing the tendency to hydro-
gen embrittlement for existing materials is acute today in many
industries, including nuclear energy, the oil and gas industry,
and promising and rapidly developing hydrogen energy indus-

well-proven materials, that are least prone to hydrogen
embrittlement among steels of various classes. However, the
high-entropy FeCrNiMnCo alloy named after its discoverer
B. Cantor demonstrates greater resistance to the hydrogen
embrittlement effects than the above-mentioned austenitic
steels under the same hydrogen-charging conditions [1; 2].
Besides, Cantor alloy has unique mechanical and physical
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properties: resistance to radiation damage and corrosion, wear
resistance, a combination of high ductility and strength, due to
which it can be used even in extreme conditions [3; 4]. How-
ever, the alloy has a relatively low yield strength [5]. One of
the most effective methods to solve this problem is considered
to be doping the alloy with interstitial atoms, in particular ni-
trogen, to increase the strength properties of the material with-
out significant loss of ductility [6; 7].

In addition, it has been found that alloying materials
also affects their susceptibility to hydrogen em-
brittlement. Thus, in [8] it was found that alloying
the CoCrFeNi alloy with aluminum helps to increase
resistance to the hydrogen embrittlement effects, as well
as an increase in strength and ductility. In the work [9],
covering the study of the hydrogen embrittlement in
the Cantor alloy, it is shown that adding of 0.5 at. % car-
bon increases the alloy susceptibility to the hydrogen
negative effects. At the same time, works [10; 11] found
that alloying with carbon, on the contrary, can increase
the resistance of the Cantor alloy and alloys based on it
to hydrogen-induced degradation of mechanical charac-
teristics. The ambiguity of the results obtained, when
studying the influence of interstitial atoms on hydrogen
embrittlement of the Cantor alloy, necessitates further
development of this scientific problem.

It is known that the diffusion of hydrogen is a critical
parameter affecting the hydrogen embrittlement of alloys
[12]. A significant aspect affecting the hydrogen diffusion
is the sites of its capture (so-called traps), which usually
include interstices, dislocations, grain boundaries and inter-
phase boundaries, cracks, particles, etc. [13—15]. Increasing
the number of traps, for example, grain boundaries, by
grain refinement makes it possible to reduce the hydrogen
negative impact on metals and alloys. In works [16; 17],
it was found that reducing the grain size in the Cantor alloy
reduces the specific concentration of hydrogen at the grain
boundaries, while suppressing brittle cracking and increas-
ing the alloy’s resistance to hydrogen embrittlement. Based
on this, studying the influence of grain size on hydrogen
embrittlement in a multicomponent Cantor alloy doped with
nitrogen atoms is of interest.

The purpose of this study is to identify the patterns of
hydrogen embrittlement of the (FeCrNiMnCo)qN; high-
entropy alloy with different grain sizes.

METHODS

A multicomponent high-entropy alloy based on Cantor
alloy (HEA-N) was chosen as the object of study. Cast bil-
lets were obtained by induction melting of Cr, Ni, Fe, Co
powders with the manganese nitride addition. The composi-
tion specified during melting corresponded to the stoichio-
metric ratio of (FeCrNiMnCo)yN; (19.8Fe-19.8Cr—
19.8Ni-19.8Mn—-19.8Co—1N, at. %).

The cast billets were subjected to heat treatment,
which consisted of annealing at a temperature of
1200 °C for 2 h followed by quenching in water. After
this, the billets were rolled to 80 % reduction. To obtain
states with different grain sizes, the rolled bars were
soaked at different temperatures, and quenched in water:

to obtain the smallest grain size (S_HEA-N) — at a tem-
perature of 1000 °C for 1 h; medium (M_HEA-N) — at
a temperature of 1100 °C for 1 h; coarse grains (C_HEA-N) —
at a temperature of 1200 °C for 2 h. After all thermo-
mechanical treatments, the samples had the chemical
composition:  19.9Fe-20.1Cr-20.0Ni—19.9Mn-19.3Co-
0.8N, at. %. The elemental composition of the samples
(Co, Cr, Ni, Mn, and Fe) was analyzed using
a LEO EVO 50 scanning electron microscope (Zeiss,
Germany), with a device for energy-dispersive spectro-
scopy. Nitrogen concentration was determined using
a LECO ONH spectrometer (LECO, USA).

Dumbbell-shaped tensile samples of 12x2.6x1.4 mm® in
gauge section, were cut from the resulting blanks on an
electric spark machine.

Electrochemical hydrogen-charging of the samples was
carried out at room temperature in a 3 % aqueous NaCl
solution containing 3 g/l of NH4,SCN as a recombination
poison. The charging duration was 50 h at a current density
of 10 mA/cm®.

The intensity of hydrogen desorption from the surface
of the samples was analyzed by thermal desorption spec-
troscopy (TDS). The samples were studied in the tempera-
ture range of 25-800 °C (heating rate is 4 °C/min), using
a vacuum chamber with the simultaneous collection of
thermal desorption spectra by an RGA100 quadrupole mass
spectrometer (Stanford Research Systems, USA). The hy-
drogen concentration profile over the depth of the samples
was obtained using a GD-Profiler 2 glow discharge optical
emission spectrometer (Horiba, France).

The microstructure of the samples was studied using an
Apreo 2 S scanning electron microscope (FEG SEM),
equipped with a Velocity Super system for analyzing
the structure and texture of crystalline materials, by the elec-
tron backscattered diffraction (EBSD) method. The average
grain size was determined by the interseption method using
electron microscopic photographs (without taking into ac-
count twin boundaries).

Uniaxial tension tests of the samples were carried out
with the initial strain rates of 5x10*s™ and 1x107s ' on
an electromechanical machine LFM-125 (Walter+Bai AG,
Switzerland), at room temperature. Mechanical tests were
also carried out at a strain rate of 1x107>s™" at low tempera-
ture (—196°C) on an electromechanical machine
Instron 1185 (Instron, USA). At least 5 samples were used
to validate each condition.

RESULTS

After thermomechanical treatments according to the se-
lected modes, three types of samples with different grain
sizes were formed. All states have a single-phase (y-fcc)
structure. According to the images obtained by the EBSD
method, all the studied samples are characterized by a dis-
ordered polycrystalline structure; no predominant grain
orientation is observed. Moreover, the structure contains
a large number of annealing twins, which may indicate
a rather low energy of stacking faults in the alloy under
study (Fig. 1). The average grain size of all samples re-
ceived is presented in Table 1.
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For all the studied samples, the TDS curves (Fig. 2)
show one low-temperature peak with a maximum intensity
at about 145 °C, which characterizes the desorption of dif-
fusible hydrogen trapped in the crystal lattice or weak re-
versible traps: interstices, dislocations, vacancies, grain
boundaries. In this case, changes in grain size have little
effect on the position and intensity of the TDS peak.

According to the stress—strain diagrams (Fig. 3), grain
refinement leads to an increase in the yield strength and
ultimate tensile strength of the HEA-N alloy, and a slight
decrease in its ductility.

The influence of hydrogen-charging of samples with
different grain sizes on their mechanical characteristics,
such as yield strength o,,, ultimate tensile strength oyrs,
elongation to failure §, and hydrogen embrittlement index
Iy is shown in Table 2. The I value characterizing the re-
duction in ductility caused by hydrogen, was defined as

Sﬂgﬁx 100%,

0

Iy

where 8, and dy are the total clongation to failure of
the samples before and after hydrogen-charging, respectively.

Electrochemical hydrogen-charging does not contribute
to the occurrence of noticeable effects of solid solution
strengthening by hydrogen atoms, consequently, without
causing a significant change in the value of the yield
strength 6y ,. Hydrogen-charging leads as well to a decrease
in tensile strength oyrs, and the smallest decrease is ob-
served in S HEA-N samples with a minimum grain size.

The hydrogen embrittlement index /; has a maximum
value in C_ HEA-N samples with the largest grain size, and
a significant decrease in the [ value is observed with de-
creasing grain size. In S HEA-N samples with the smallest
grain size (d=43+21 um), the value of /;~0: a hydrogen-
induced decrease in plasticity under these charging condi-
tions, is not observed in such samples. Thus, grain structure
refinement helps to increase the resistance of the studied
HEA-N alloy to the hydrogen embrittlement effects.

Hydrogen-charging of samples leads to the formation of
a brittle surface layer, which undergoes intense cracking
during deformation (Fig. 4). The fracture behavior of the
side surfaces of hydrogen-charged samples is predominant-
ly intergranular, but single transgranular cracks are also
observed in M_HEA-N and C_HEA-N samples (Fig. 4 a—c).
Despite the brittle fracture behavior, a large number of slip
lines are observed on the side surfaces.

1171 M_HEA_N 111
0ol 101 it " ooéwl
g ?f
P\( 33
:‘ ‘-q ‘ l =
® ] . 4
. ¥ 300 pm

b

Fig. 1. EBSD image of the microstructure of samples: a — with the smallest grain size (S_HEA-N),
b — with the medium grain size (M_HEA-N); ¢ — with the largest grain size (C_HEA-N)
Puc. 1. JIOI-u306pasicenus MuKpocmpykmypvi 00pasyos: a — ¢ menvuum pazmepom zepua (S_HEA-N);
b — co cpeonum pasmepom sepna (M_HEA-N); ¢ — ¢ camvim kpynuwvim pazmepom zepua (C_HEA-N)

Table 1. The average size of austenitic grains in the alloy under study depending on the treatment mode
Tabnuya 1. Cpeonuil pazmep ayCmeHUmHbsIX 3epeH 8 UCCe0yeMOoM Cha8e 8 3a8UCUMOCIU O PeXCUMA 06pabomku

Treatment mode
HEA-N
1000 °C, 1 h 1100°C, 1 h 1200 °C,2h
Average grain size d, pm 43421 120+57 221497
Designation S_HEA-N M_HEA-N C_HEA-N
Phase composition y-phase
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Fig. 2. TDS spectra of hydrogen desorption for the (FeCrMnCoNi) 99N, alloy samples with different grain sizes
Puc. 2. T/IC-cnexmpui decopbyuu 600opooa ons obpaszyos cnnasa (FeCriMnCoNi)goN; ¢ paznvlym pazmepom 3epua
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Fig. 3. Strain-stress diagrams of the samples with the smallest (S_HEA-N), medium (M_HEA-N)
and the largest (C_HEA-N) grain size before and after hydrogen-charging (+H):
a — engineering coordinates; b — true coordinates
Puc. 3. J[uacpammuel pacmscenus 0opazyos ¢ manvim (S_HEA-N), cpeonum (M_HEA-N)
u kpynuoim (C_HEA-N) pasmepom 3eprua 00 u nocie Hagooopoxcusanus (+H):
a — undicenepHvie Koopounamul, b — ucmunnvie Koopounamol
Table 2. The influence of hydrogen-charging (+H) on the mechanical properties of a HEA-N alloy with different grain sizes
Taonuya 2. Brusnue nacviujeHust 6000pooom (+H) na mexanuueckue ceoiicmea cnaaéa BOC-N ¢ paznvim pasmepom 3epHa
. 6.2 MPa OUTSy MPa 6, %
Material (&5 MPa) (£10 MPa) (2 %) Ty %
S HEA-N 310 715 58
0
S HEA-N+H 312 703 58
M HEA-N 282 688 65
6
M_HEA-N+H 285 663 61
C _HEA-N 252 622 66
14
C HEA-N+H 260 600 57
44 Frontier Materials & Technologies. 2024. No. 3
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According to SEM analysis of the fracture surfaces,
the central part of the samples after hydrogen-charging
fractures in a ductile transgranular regime with the for-
mation of a dimple fracture (Fig. 4 d—f). The fracture
mechanism and the length of the brittle zone in the fracture
depend on the grain size of hydrogen-charged samples.
The fracture behavior of the brittle zone in coarse-grained
C HEA-N samples is mixed — both transgranular and
intergranular facets are observed. Reducing the grain size
helps to reduce the proportion of transgranular cracks in
the M_HEA-N samples and almost completely suppresses
the transgranular fracture in the S_ HEA-N samples.

The length of the hydrogen-induced brittle zone D after
mechanical tensile tests at room temperature, does not cor-
respond to the initial thickness of the hydrogen-assisted
layer, formed immediately after electrochemical hydrogen-
charging (D), since during plastic deformation hydrogen
atoms are redistributed on mobile dislocations (AD,) and
due to diffusion under stress (ADj).

The brittle zone in the fracture of hydrogen-charged
samples is characterized by the greatest length in all sam-
ples subjected to deformation in mode I. Changing the ten-

sile mode for all samples leads to a reduction in the brittle
zone length to a minimum (mode III), due to the suppres-
sion of hydrogen transport during deformation (Table 3).
The same patterns can be observed for all modes of me-
chanical tests: the maximum length of the hydrogen-
induced brittle zone is characteristic of coarse-grained
C_HEA-N samples, and grain refinement leads to its reduc-
tion (Table 3).

Fig. 5 shows the hydrogen distribution profile in the
structure of coarse-grained C_HEA-N samples. Compari-
son of data in Fig. 5 with the results given in Table 3,
showed that in the case when the diffusion and dislocation
transport of hydrogen is suppressed (mode III), the brittle
zone length has values close to the thickness of the hydro-
gen-induced surface layer.

DISCUSSION

The results of the analysis of thermal desorption curves
of the high-entropy alloy under study differ from those ob-
tained in works studying hydrogen embrittlement in tradi-
tional materials with one basic component. For the cases of

C_HEA-N+H

30 um

C_HEA-N+H

d e

f

Fig. 4. SEM images of hydrogen-charged (+H) samples with the smallest (S_HEA-N), medium (M_HEA-N)
and the largest (C_HEA-N) grain size after failure:
a, b, ¢ —side surface; d, e, f— fracture surface
(TD — tension direction, IC — intergranular cracks, TC — transgranular cracks)
Puc. 4. COM-uzobpadsicenus Hacviuyentvix 6000poodom (+H) obpasyoe ¢ manvim (S_HEA-N), cpeonum (M_HEA-N)
u kpynnvim (C_HEA-N) pasmepom 3epna nocie pacmsicenus:
a, b, ¢ — 6okosas nosepxnocmy; d, e, f— nosepxnocms paspywenus
(TD — nanpasnenue pacmsiicernus, IC — unmeprkpucmaniumusie mpewunsl, TC — mpanckpucmaiiummuule mpeujusl)
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Table 3. Modes of mechanical tensile tests of hydrogen-charged samples of the HEA-N alloy with the smallest (S_HEA-N),

medium (M_HEA-N) and the largest (C_HEA-N) grain size and their influence on the length of a brittle zone in a fracture

Taonuya 3. Pescumvl MexaHuyeckux UCNbIMAaHUll Ha pacmsaxfceHue HACbIUeHHbIX 8000p00oM 00pasyos cniasa BOC-N

¢ manvim (S_HEA-N), cpeonum (M_HEA-N) u kpynuvim (C_HEA-N) pasmepom 3epHa u ux enusiHue Ha OUHY XPYNKOU 30Hbl 8 U3IOMe

Deformation parameters Mode
and characteristics of brittle zone I I I
Strain rate, ¢’ 5x107* 1x107 1107
Testing temperature, K 293 293 77
Hydrogen transport on dislocations active significantly suppressed suppressed
Hydrogen transport due to the stress-assisted diffusion active active suppressed
S HEA-N 2545 20+6 12+3
Brittle zone length D, um M_HEA-N 33+7 25+8 13+£5
C HEA-N 35+12 27+8 18+7

austenitic [18], ferritic [19] and martensitic [20] steels, it
has been shown that a decrease in grain size leads to an
increase in the content of diffusible hydrogen in the sam-
ples (in the crystal lattice or weak reversible traps). In this
case, the hydrogen-charging modes of all the above materi-
als were the same.

In [18], the smallest grain size presented was 0.58 um,
the maximum was 19 um, while the hydrogen concentration
in coarse-grained samples was 3.3 wppm (weight parts per
million), which is more than two times less than in ul-
trafine-grained samples (7.1 wppm). For the HEA-N alloy,
the decrease in grain size by =2 times for M_HEA-N sam-
ples (d=120£57 um) and by =5 times for S HEA-N sam-
ples (d=43£21 um) relative to samples with the largest
grain size C_HEA-N (d=221+97 um) does not lead to sig-
nificant differences in the thermal desorption curves:
the intensity and position of the TDS peaks do not undergo
significant changes. This is consistent with the data of [16],

Hydrogen
concentration, a.u.

where similar results were obtained for the equiatomic
high-entropy Cantor alloy without interstitial atoms and
with grain sizes from 1.5 to 22 pm, which was saturated
with hydrogen from a gas atmosphere. In [16], the author
concludes that in steels of different classes, grain bounda-
ries play a significant role in the hydrogen trapping, while
in the multicomponent Cantor alloy, hydrogen atoms are
trapped mainly by the crystal lattice interstices.

A noticeable increase in resistance to the hydrogen
embrittlement effects expressed in a decrease in the values
of the hydrogen embrittlement index [, is observed in
HEA-N samples with a small grain size. Typically, a de-
crease in the susceptibility to hydrogen embrittlement dur-
ing grain refinement is associated with the fact that when
a large number of grain boundaries are formed, the amount
of absorbed hydrogen in the grains [1] and its content per
unit of boundary area decreases, which reduces the stress
concentration at the grain boundaries.

=25 um
D" (SEM) = 18 £ 7 um

0 50

100 150

Depth, pm

Fig. 5. Hydrogen concentration profile for the samples with the largest grain size (C_HEA-N)
Puc. 5. Konyenmpayuornuwiii npoguib 6000pooa 011 06pasyos ¢ kpynuvim pasmepom 3epua (C_HEA-N)
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By analyzing the data obtained experimentally, as a re-
sult of mechanical tests for uniaxial tension in various
modes (Table 3), the length of the brittle zone in the frac-
ture immediately after hydrogen-charging was assessed, as
well as the contributions to the hydrogen transfer by dislo-
cation transport and due to diffusion under stress during
the deformation process. However, numerous factors influ-
encing the brittle zone formation in the process of plastic
deformation do not allow obtaining exact quantitative va-
lues for each of the contributions; therefore, this assessment
method makes it possible only to qualitatively establish
the patterns of the grain size influence on the hydrogen be-
havior in the material.

As stated earlier, the suppression of both contributions
to hydrogen redistribution at cryogenic test temperatures
and high strain rates makes the length of the hydrogen-
induced brittle zone formed after mode III (Dy) of defor-
mation closest to the length of the brittle zone immediately
after electrochemical charging (without deformation) D,.

The length of the brittle zone in samples deformed in
mode II significantly exceeds the values characteristic of
samples deformed in mode III (Table 3). For low degrees of
plastic deformation, when the dislocation range is limited
primarily by grain boundaries and dislocation transport of
hydrogen can be realized over long distances, dislocation
densities of the order of 10'* 1/m” are typical. With such
a dislocation density and strain rate of SR=10"" 1/s, the rate
of dislocation movement is v=4x107m/s (SR=pbv,
b=2.55 A — dislocation Burgers vector). In that case,
the time during which a dislocation moves one interatomic
distance a=3.6 A is ©=9x10"°s, and the movement of hy-
drogen on the cores of mobile dislocations requires that
the diffusion coefficient be D=7x10""> m%/s (D=a’/21 [21]).
This value is significantly greater than that characteristic of
hydrogen diffusion in the crystal lattice of gamma iron at
room temperature (D=1x10""® m?*s [22]). Thus, at a strain
rate of SR=10">1/s (mode II) dislocation transport is signi-
ficantly suppressed, and the brittle zone length increases
relative to the values characteristic of deformation in
mode III mainly due to hydrogen lattice diffusion under
stress (ADy).

Assuming that the length of the brittle zone in the frac-
ture of hydrogen-charged samples subjected to deformation
mode I is determined by the additive contributions of dif-
ferent hydrogen transfer mechanisms (DR=Dy+AD+ADj),
one can find the joint contribution from transport on dislo-
cations (AD;) and from stresses (AD,) as follows
D—-Dy=ADs+AD,. The contribution of hydrogen transfer
by diffusion under stress can be roughly estimated as
AD=DDy;. Further, it is possible to estimate to a first ap-
proximation the contribution of dislocation transport AD, to
the brittle zone length. Fig. 6 presents the results of esti-
mates of the Dy, AD, and AD; contributions to the length of
the hydrogen-induced brittle zone in the alloy under study,
depending on the grain size.

The greatest length of the brittle zone immediately after
hydrogen-charging D, is observed in coarse-grained
C HEA-N samples. The D, value decreases with decreas-
ing grain size (Fig. 6). Since the D, value is determined
solely by the hydrogen distribution during charging, it de-
pends only on the diffusion of hydrogen atoms in the mate-

rial during hydrogen-charging. The effective hydrogen dif-
fusion coefficient in samples can be estimated using
the formula [21]

X~/ 2D€fft,

where x is the characteristic diffusion path;
D,y is an effective diffusion coefficient;
t is the hydrogen-charging duration.

The D, length can be taken as the characteristic diffu-
sion path x, since analysis of the profile of hydrogen con-
centration distribution along the depth of coarse-grained
C HEA-N samples shows the consistency of the results
between the experimentally obtained hydrogen distribution
along the depth immediately after charging and the length
of the brittle zone in the fracture Dy=D, estimated by
SEM-images of the fracture surface of C HEA-N samples
(Fig. 5, 6).

An assessment of the effective diffusion coefficient (1)
of hydrogen in samples of the studied HEA-N alloy shows
that a decrease in grain size contributes to a decrease in D,

DngEA-N z9><10716m2/s, D%FHEAN :5)(10716 mz/s and

DE%-HEA N % 4x107'° m’/s. The obtained D,; values are of

(1)

the same order; however, the minimum value is characteris-
tic of samples with the smallest grain size. Thus, a decrease
in grain size or, in other words, an increase in the density of
grain boundaries (including an increase in the number of
annealing twins) leads to the suppression of hydrogen dif-
fusion deep into the samples. Despite the existence of dual
opinions about the influence of grain boundaries and twins
on the hydrogen behavior in the material [21; 23; 24], they
can act both as traps for hydrogen atoms and as preferential
paths for their diffusion. In this work, in samples of
the HEA-N alloy within the given conditions of hydrogen
charging, they rather play the role of capture sites, although
the second option should not be completely excluded.

The grain size of the studied HEA-N samples affects
both the hydrogen distribution during charging, and
the hydrogen diffusion, during plastic deformation (Fig. 6).
Changes in the grain size of the studied samples have
a weak effect on the hydrogen diffusion under stress during
plastic deformation (Fig. 6). At the same time, the hydrogen
transfer by mobile dislocations, directly depends on
the grain size. The contribution of dislocation transport
decreases with decreasing grain size and reaches a mini-
mum value in the S HEA-N samples. They are two times
smaller than in the coarse-crystalline C_HEA-N samples,
which is associated with a decrease in the free path of dis-
locations during plastic deformation.

CONCLUSIONS

Using various types of thermomechanical treatment,
a series of states with different grain sizes was formed in
the (FeCrNiMnCo)goN; alloy: 43£21 (S_HEA-N), 120457
(M_HEA-N), and 221+97 um (C_HEA-N).

Grain refinement helps to increase the strength proper-
ties of the alloy under study and reduce the elongation to

Frontier Materials & Technologies. 2024. No. 3

47



Gurtova D.Yu., Panchenko M.Yu., Melnikov E.V. et al. “The influence of grain size on hydrogen embrittlement of a multicomponent...”

SDS
(]

ol i

V7| AD; |
g

30 40 y
D, pm
a b
Dy
| 7 ADs
Do
7
I
I
40

D, um

Fig. 6. The influence of a mechanical testing mode on the length of a brittle hydrogen-induced zone and evaluation
of the main contributions from diffusion and dislocation hydrogen transport during plastic deformation of samples
with the smallest (S_HEA-N) (a), medium (M_HEA-N) (b), and the largest (C_HEA-N) (c) grain size
Puc. 6. BrusHue pexcuma mMexaHuyeckux ucnvlmanuil Ha OIUHy XpYNKol 6000p0OHO-UHOYYUPYEMOU 30Hbl U OYEeHKA OCHOBHBIX 8KIA008
om oupgy3uoHH020 U OUCTOKAYUOHHO20 MPAHCNOPMA 8000P00A NPU NAACMUYeCcKol deghopmayuu oopazyos
c manvim (S_HEA-N) (a), cpeonum (M_HEA-N) (b) u kpynuvim (C_HEA-N) (¢) pasmepom 3epua

failure, the values of which in all cases remain high
(8S7HEA-N=58 %, 8M7HEA—N=65 %, 6C7HEA-N=66 %)-

Hydrogen charging of samples of the alloy under study
has little effect on the yield strength, however, leads to
a decrease in the ultimate tensile strength and elongation
to failure. The formed hydrogen-induced surface zone in
samples with the largest grain size, is fractured in a brittle
way; cracks are observed both along the body of
the grains, and along their boundaries on the side surfaces
of the destroyed hydrogen-charged samples. An increase
in the number of grain boundaries due to grain refinement
is accompanied by a change in the nature of the fracture of
the surface brittle hydrogen-assisted zone to a predomi-
nantly intergranular one.

It has been experimentally found that a decrease in grain
size helps to increase the resistance of the (FeCrNiMnCo)goN;
alloy to the negative effects of hydrogen. This is manifested
by a decrease in the hydrogen embrittlement index, as well
as in a decrease in the length of the hydrogen-induced brittle

zone detected on the fracture surfaces. This is caused by
a decrease in the effective coefficient of hydrogen diffusion
in the material, as well as a decrease in the free path of dis-
locations transferring hydrogen deep into the material dur-
ing plastic deformation.
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HUccrenoBanus BeimonHeHB! Ha 000opynosanun LIKIT «Harotex» UDIIM CO PAH.

ABTOpBI OnaromapHbel KaHAMOATy (usmko-maremarmdecknx Hayk C.B. ActadypoBy m K.A. PeyHOoBO# 3a momoms
B IIPOBEICHUH YKCIIEPUMEHTANBHBIX UCCIEIOBAHUH.

CraTpsl HOATOTOBIJIEHA 110 MaTepHaiaM JOKJIaI0B ydacTHHKOB X1 MexayHapoaHoH mkoussl «Pu3ndeckoe MaTepuao-
Begenne» (ILIOM-2023), Tomssitta, 11-15 centsadps 2023 roxa.

s yumuposanusn: U'yprosa J1.10., [Nanuenko M.1O., Mensaukos E.B., Acranos /[.0., Acradyposa E.I'. Biaustiaue
pa3Mmepa 3epHa Ha 3aKOHOMEPHOCTH BOJOPOJHOTO OXpymuuBaHus MHOrokommnoHeHTHOro cruiaBa (FeCrNiMnCo)goN; //
Frontier Materials & Technologies. 2024. Ne 3. C. 41-51. DOI: 10.18323/2782-4039-2024-3-69-4.
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