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Abstract. The authors studied the influence of volume fraction and morphology of é-ferrite on hydrogen embrittlement of austenitic stainless steel
08Kh19NIT obtained by electron beam additive manufacturing. It is experimentally shown that in additively-manufactured samples, long lamellae
of d-ferrite form a dense “net” of interphase boundaries (austenite/d-ferrite, the volume fraction of the 3-phase is 20 %) and contribute to the hydrogen
accumulation. Also, being the “easy” ways for the diffusion of hydrogen atoms, the dendritic lamellae of ferrite provide hydrogen transport deep into
the samples. Post-production solid-solution treatment (at 7= 1100 °C, 1 h) leads to a significant decrease in the fraction of d-ferrite in steel (up to 5 %)
and partial dissolution of dendritic lamellae. A decrease in the volume fraction of ferrite and a change in its morphology hinder the diffusion of hydro-
gen deep into the samples and its accumulation during electrolytic hydrogen-charging and subsequent deformation. It contributes to a decrease
in the total concentration of hydrogen dissolved in the steel samples. Despite the lower concentration of dissolved hydrogen in the solid-solution trea-
ted samples, the solid-solution strengthening by hydrogen atoms is higher (Ac}, = 73 MPa) than for the initial samples with a high content of 8-ferrite
(AGS’.2 =55 MPa). The solid-solution treated samples are characterized by a smaller thickness of the brittle surface hydrogen-charged layer and a lower
hydrogen embrittlement index compared to the post-produced samples (D, = 55 + 12 um, [;; = 32 % for initial samples and D;; =29 £ 7 um, [;; = 24 %
for samples after post-production solid-solution treatment).
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AHnHOomayus. B HacTosiieid paboTe H3y4eHO BIUsIHIE 00beMHO 10111 1 MOP(oIoriH 6-peppuTa Ha 3aKOHOMEPHOCTH BOJIOPOIHOTO OXPYTYMBAHKS 00pa310B

aycreHUTHOH Hepxkasetomeil cranu 08X19HOT, momyueHHON METOIOM 3IE€KTPOHHO-TY4eBOrO aJAUTHUBHOIO IIPOU3BOACTBA. DKCIEPUMEHTAIILHO
MMOKa3aHo, YTO B a/IMTHBHO-M3TOTOBICHHBIX OOpa3sliaX JIMHHBIC [CHAPUTHBIC Jamenn O-(heppura (OPMUPYIOT IUIOTHYIO «CETKY» Mex(aszHbIX
rpanun (aycteHuT — O-epput, odbemHast 10 d-¢pasbl cocranisieT 20 %) U CrIOCOOCTBYIOT HAKOIUICHUIO BOAOpona. JleHapuTHble BeTBU (heppHTa
SIBJISTFOTCS «JISTKUMI» Ty TSIME J1Ts1 Ti(p(y3un aTOMOB BOIOPO/IA U [TOATOMY OOECIIEUHBAOT €ro TPAHCIOPT B ITyOb 00pa3iioB. [locTipon3BoicTBeHHAS
TepMuueckast oopabdotka (rpu Temreparype 1100 °C, B TedeHue | 9) NPUBOAUT K 3HAYUTEIBHOMY YMEHBIICHHIO JOIH O-(eppura B aJUIMTUBHO-
TOJTy4eHHOM CTalH (10 5 %) 1 YaCTUYHOMY PACTBOPEHHUIO ACHAPUTHBIX JIaMesIei. YMeHblIeHHe 00beMHOI 101 (heppuTa i U3MEHEHHE ero Mop(oIoruu
3arpynusieT auddysuro Bogopona B NIyOb 00paslia U ero HaKOILICHUE B IIPOLIECCE MIEKTPOIMTUYECKOTO HACBIIICHNS M HOCIECAYIOmel 1edopMmariy,
CIOCOOCTBYET MOHMKSHUIO O0LIeH KOHLIEHTPAIMKM PACTBOPEHHOTO B 00pa3suax Boxopona. HecMoTpst Ha MEHBIIYI0 KOHLEHTPALMIO PACTBOPEHHOIO
BOJOpOZia B 00pasLax, MOBEPrHYTHIX TEPMOOOPAOOTKE, TBEPIOPACTBOPHOE YIIPOUHCHHE aTOMAMHU BOJOPOZa OKA3bIBACTCs OONIbIIIC (AGE{ , =73 MIla),
YeM JIJIsl MCXOTHBIX 00Pa3IoB ¢ BBICOKOH J1071€i O-epputa (Ac& , =55 MIla). Taxoke 06pa3Lbl IOCTIE MOCTIPOU3BOACTBEHHOH TePMHYECKOIl 00paboTKU
XapaKTEPU3YIOTCsl MEHbIIEH TONIIMHON XPYIKOro MOBEPXHOCTHOTO HABOJAOPOKEHHOIO clos Dy 1 Gosee HU3KMM KOI(OHUIMEHTOM BOJOPOIHOIO
OXpPYM4UBAHMs [, TI0 CPABHEHHIO C MCXOAHBIMH a[IMTHUBHO-HOMYYEeHHbIMU OOpasuamu (D, = 55 £ 12 mxM, I, = 32 % 14 HCXOAHBIX 00pa3LoB

u Dy =29 £ 7 mrwm, [ = 24 % 1 00pa31oB NOCI€ MOCTIPOU3BOICTBEHHOM TEPMUYECKOH 00pabOTKH).

Kawouesvle ci08a: aycreHnTHas CTajb, aJJIITUBHBIC TEXHOJIOTUH, BOJOPOAHOE OXpYIUMBaHUE, O-QeppuT, pa3pylieHne, MUKPOCTPYKTYpa, MeXaHH4eC-

KHE CBOMCTBa

BbaazodapHocmu: Pabota BEIIIONHEHA B paMKaX TOCYJapCTBEHHOTO 3aaHust MIHCTHTyTa QH3UKU IPOYHOCTH M MaTepuanoBeneHus CuOHpCKoro oTzeme-

nust PAH, tema Ne FWRW-2022-0005.

HccnenoBanus IpOBeeHBI ¢ Hcnonb3oBanueM obopyrnosanus LIKIT «Harorex» (MucTHTYT (U3uku npodHOCTH M MatepuanoBeneHus CHOUPCKOro
ornenenus PAH). ABropsl Beipaxator OnaromapHocts K.¢).-M.H. C.B. Actadyposy, k.¢.-m.H. [.I. Maiiep, E.B. Menbuukosy, k.¢.-m.H. B.E. Py61oy
n K.¢.-M.H. C.}O. HuKOHOBY 32 IOMOIIIb B IIPOBEICHUH SKCIICPUMCHTAIBHBIX HCCICAOBAHUN U IOTY4YCHHI MaTePHAIIOB.

Aasa yumuposaHnus: Ilanyenxo M.IO., Peynosa K.A., Hudonro A.C., Koy6aes E.A., Acradyposa E.I. Biusaue Mmopdororuu u o0beMHOIT 1011
d-(eppura Ha BopopoaHOE OXpynuuBaHue Hepikaperomiei cranu 08X19HIT, nmoay4eHHOH METOIOM 3JIEKTPOHHO-ITYYEBOT0 aIATUBHOIO MPOM3-
BOJICTBA. M36ecmus 6y306. Yepnas memannypeus. 2023;66(4):435-441. https://doi.org/10.17073/0368-0797-2023-4-434-441

- INTRODUCTION

Additive manufacturing (AM) represents a rapidly
advancing domain encompassing both science and
industry. It introduces a transformative approach to craft-
ing intricate components and parts for mechanisms charac-
terized by intricate configurations, a feat previously unat-
tainable using conventional manufacturing techniques.
The application of additive technologies holds signifi-
cant potential within the burgeoning sphere of hydrogen
energy. This encompasses endeavors related to hydrogen
storage, transportation, and the fabrication of essential
components like hydrogen fuel cells and vehicles. Stable
austenitic stainless steels exhibit the highest resistance
to hydrogen’s adverse effects when compared to other
steel categories [1; 2]. Their favorable weldability and
moderate cost make them an appealing choice for uti-
lization as foundational materials within additive tech-
nologies [3; 4]. Nevertheless, when devising components
intended for operation in aggressive hydrogen-rich envi-
ronments, it becomes imperative to consider the unique
microstructural attributes intrinsic to this steel category
that manifest during the AM process. These attributes
take into account the anisotropic nature of grain struc-
ture [5; 6] and formation of the secondary phases [7 — 9].

Currently, the subject of hydrogen embrittlement
in steel samples produced through AM techniques
remains inadequately explored in published literature,
with occasional inconsistencies in the available data.
The study [10] revealed that austenitic steel AISI 304L,
fabricated using laser powder AM technology, is more
resistant to hydrogen embrittlement compared to conven-

tionally obtained rolled steel. This enhanced resistance is
attributed to the development of a stable austenitic phase
that is resistant to phase transitions, as well as the dis-
tinctive texture of the steel brought about during pow-
der sintering. Research presented in [11] demonstrated
the heightened vulnerability of martensitic aging steel
produced through selective laser melting to hydrogen
embrittlement. Stainless steel 17-4 PH, featuring a coarse
crystalline ferritic structure and manufactured via laser
additive technologies, is more prone to the adverse effects
of hydrogen than its cast counterpart [12]. Conversely,
for ferritic steel 09G2S, additively produced steel using
the electron beam AM method exhibits a weaker suscep-
tibility to hydrogen embrittlement than its cast equiva-
lent [13].

In comprehending the reasons behind the degrada-
tion of mechanical properties induced by hydrogen in
additively manufactured austenitic steels — known for
their resistance to hydrogen embrittlement — grasping
the role of key microstructural aspects in these processes
becomes crucial. Particularly, samples of austenitic steels
generated through electron beam AM methods exhibit
distinctive characteristics: an anisotropic grain structure
and a notable proportion of the d-phase (approximately
20 %) [6 — 8]. This study aims to strategically manipulate
the morphology and volume fraction of d-ferrite within
08KhI9NIT steel samples produced via electron beam
additive manufacturing (EBAM), while keeping other
structural parameters (primarily the size of austenite
grains) unchanged [6].

The objective of this research is to establish patterns
concerning the hydrogen embrittlement of austenitic steel
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08KhI9NI9T manufactured using the EBAM technique,
contingent on the morphology and content of d-ferrite in
its structure.

[ EXPERIMENTAL METHODS

For the EBAM process, we utilized an industrial wire
composed of austenitic stainless steel (ASS) 08Kh19NIT,
with the following chemical composition (wt. %): Cr 17.7;
Ni9.7; Mn 1.1; Ti 0.8; Si 0.6; C 0.08; with iron constituting
the remainder (wire diameter 1.2 mm). The electron beam
additive manufacturing was executed within a vacuum
chamber, employing the subsequent parameters: accel-
erating voltage of 30 kV, wire feed speed set at 180 mm/
min, beam sweep spanning 45x45 mm, scanning frequency
of 1 kHz, and electron beam current of 45 mA. The accu-
mulation of material layers transpired atop an austenitic
steel substrate, resulting in a final geometric configura-
tion of the steel billet measuring 110x6x30 mm.

For the purpose of uniaxial static tension tests,
flat samples resembling double blades were fashioned,
with the working part dimensions at 12x3x1.5 mm. These
samples were extracted from an additively manufac-
tured steel wall. A portion of the samples were assessed
in their initial state — directly following additive growth
(AM-ASS) — while another subset underwent anneal-
ing at 1100°C for 1 hour, succeeded by water quench-
ing (AM-ASS + HT). Surface treatment encompassed
mechanical grinding and electrolytic polishing using
a solution of 25 g CrO, and 200 ml H,PO,.

Microstructural analysis of the obtained samples was
conducted using optical (OM) and transmission elec-
tron microscopy (TEM), utilizing Altami MET 1C and
Jeol JEM 2100 microscopes, respectively. The magnetic
phase analysis (MPA) technique was employed, spe-
cifically with an MVP-3 ferritometer (Kropus, Russia)
to determine the volume fraction of the 6 phase (V).

Electrolytic hydrogenation was executedina 3 % NaCl
aqueous solution containing 3 g/L NH,SCN. This proce-
dure spanned 50 h at a current density of 50 mA/cm?.
Thermal desorption spectroscopy (TDS) investigations —
centered on evaluating the rate of hydrogen libera-
tion from specimens during gradual heating — were con-
ducted using an automated Gas Reaction Controller LBP
system (Advanced Materials Research, USA). This was
executed with a heating rate of 360 °C/h, within a tem-
perature span ranging from 25 to 400 °C. Tensile tests
were carried out at room temperature, maintaining an ini-
tial strain rate of 5-10™* s~'. The testing was performed
employing an LFM-125 universal electromechanical
testing machine (Walter+Bai AG, Switzerland). Subse-
quently, the fracture surfaces of the samples were metic-
ulously analyzed using a LEO EVO 50 scanning elec-
tron microscope (SEM) (Zeiss, Germany). To estimate
the thickness of the brittle hydrogen-induced layer, SEM
images acquired from the fracture surfaces of hydroge-
nated samples were employed. The secant method was
utilized for this purpose, wherein the secants were orien-
ted perpendicular to the hydrogenated layer.

[l RESULTS AND DISCUSSION

Fig. 1 presents optical microscopy (OM) and trans-
mission electron microscopy (TEM) images of samp-
les produced via the EBAM process. Both categories
of samples exhibit a dual-phase (y + §) configuration.
Notably, the d-ferrite lamellae emergence of the 6 phase
within the structure of additively manufactured samples
is attributed to distinct characteristics of the EBAM
process, encompassing the intricate, multistage ther-
mal history of layers and the overall billet, as well as
the diminution of nickel content within the melt, among
other factors [7;9; 14]. Subsequent heat treatment
(1100 °C, 1 h) induces a reduction in the d-ferrite con-

y-austenite

Fig. 1. OM images (a, b) and SEM image (c) of the samples of additive manufactured austenic stainless steel (AM-ASS) (a)
and AM-ASS + heat treatment (HT) (b, ¢):
HP — direction of growth of the electron beam addive manufactured (EBAM) billet; --- — boundaries of austenitic grains

Puc. 1. OM-u3o6paxenus (a, b) u [I9M-n3obpaxenue (c) obpasuo AII-AHC (a) u ATI-AHC + TO (b, ¢):
HP — nanpasnenune pocta DJIAII-3aroToBKH; === — IpaHUIBI AyCTCHUTHBIX 3€PEH
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tent while simultaneously altering its morphology —
a phenomenon exhaustively elucidated in [6]. In specific,
the heat treatment results in the formation of a dendritic
structure of 6-ferrite, characterized by an average lamella
thickness of 0.8 + 0.4 pum within the AM-ASS samp-
les. Following heat treatment, prolonged continuous
branches (lamellae) of 5-ferrite experience partial disso-
lution, giving rise to non-equiaxed d-phase grains (par-
ticles). These new grains exhibit an average thickness
and length of 1.3 £0.5 and 6.2 £ 3.1 um, respectively
(Fig. 1, b). Consequently, the volume fraction of ferrite
diminishes from 20 % to 5 % after the heat treatment,
while the grain structure of the principal phase (aus-
tenite) remains unaffected [6]. Thus, the heat treatment
exclusively influences the morphology and volume frac-
tion of the ferrite phase, maintaining all other structural
parameters unaltered.

For hydrogenated AM-ASS and AM-ASS + HT samp-
les, their thermal desorption (TDS) spectra depict a sole
peak at 7' =160 — 165 °C (Fig. 2, a). This low-tempe-
rature peak corresponds to the release of hydrogen atoms
from the crystal lattice and various weak, reversible
traps possessing low activation energies. These encom-
pass grain boundaries, interfacial (austenite — &-ferrite)
boundaries, dislocations, and similar features [15; 16].
The peak intensity for AM-ASS samples surpasses
that of AM-ASS + HT samples, wherein the latter cat-
egory bears a reduced proportion of the d-phase. Hence,
under analogous saturation conditions, a lesser amount
of hydrogen dissolves within AM-ASS + HT samples.
This disparity might arise due to the diminished pre-
sence of interphase boundaries in the annealed samples,
which are capable of adsorbing hydrogen atoms. Given
that the diffusion coefficient of hydrogen in J-ferrite
is significantly higher and its solubility lower than in
the austenite phase [17; 18], the elevated volume frac-
tion of the d-phase, along with its morphology charac-
terized by extended continuous lamellae in AM-ASS
samples, expedites the profound penetration of hydrogen
atoms into the samples during saturation. Put differently,
the o-ferrite branches serve as preferential conduits for
the inward transport of hydrogen atoms, contributing
to a more effective accumulation of hydrogen within
the material (primarily within austenite). This propo-
sition also correlates with the observation of the TDS
peak shifting towards higher temperatures for AM-ASS
samples in comparison to the peak for AM-ASS + HT
samples. This shift could be attributed to a deeper satura-
tion of the samples with hydrogen as the ferrite propor-
tion increases.

Fig. 2, b delineates stress-strain diagrams in engineer-
ing coordinates for AM-ASS and AM-ASS + HT samples.
Mechanical properties (o, , — yield strength; o — ultimate

60 _6}1

strength; 6 — elongation to fracture; /,; = ( J -100 %;

0

9, and d,; — elongation to fracture of unhydrogenated and
hydrogenated samples) are summarized in Table.

Examination of the provided experimental data
demonstrates that post-production heat treatment yields
an increase in elongation to failure and a decrease in yield
strength for the examined steel. This phenomenon can be
attributed to a decrease in the volume fraction of -ferrite,
as d-ferrite possesses higher strength compared to auste-
nite [19]. Additionally, there is a reduction in the density
of interphase boundaries (austenite — d-ferrite), which
function as barriers to the movement of dislocations dur-
ing deformation [6].

The process of hydrogen charging induces altera-
tions in the mechanical properties of EBAM steel
(outlined in Table). Irrespective of the ferrite content,
the yield strength (o,,) of hydrogen-charged samples
surpasses that of the original samples (deformed with-
out hydrogen charging). This experimental observa-
tion signifies solid-solution hardening of the auste-

165 °C a

Hydrogen desorption
intensity, rel. units

50 100 150 200 250 300 350

Temperature, °C

600

500

400

300

Stress, MPa

200

100

0 10 20 30 40 50 60 70 80

Deformation, %

Fig. 2. Thermodesorbtion spectra (a) and stress—strain diagrams
in engineering coordinates (b) (H — hydrogen-charging):
1 and 3 —AM-ASS before and after hydrogen-charging;
2 and 4 — AM-ASS + HT before and after hydrogen-charging

Puc. 2. TAC-cniextpsl (@), a TakKe AUarpaMMbl HanpspkeHue — nedop-
Malusl B MH)KeHEepHBIX kKoopaunatax (b) (H — HaBomopokuBanue):
I n 3 — AIlI-AHC 1o n mocine HachIIeHUs! BOJJOPO/IOM;
2u 4 — All-AHC + TO no u mocie HachIIIEHUS BOIOPOIOM
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nitic phase due to the presence of hydrogen atoms [20].
Notably, it’s noteworthy that in AM-ASS + HT samples,
the hydrogen-induced enhancement in yield strength
(Acsf){.2 =73 MPa) exceeds that in AM-ASS samples
(Acy, = 55 MPa), even though, as per the results of TDS
analysis, the hydrogen concentration in the latter is
higher (Fig. 2, a). The presence of a limited volume
fraction of ferrite and interfacial boundaries, which
function as traps for hydrogen atoms [21], can lead
to a heightened accumulation of hydrogen within the aus-
tenite grain bodies located near the saturable surface
of AM-ASS + HT samples. This accumulation contrib-
utes to their solid solution hardening. On the contrary,
hydrogen transport is more restricted in AM-ASS + HT
samples due to the altered morphology and reduced
volume fraction of ferrite, which leads to the suppres-
sion of hydrogen transport over long distances along fer-
rite dendrites and a decrease in the prevalence of inter-
facial boundaries. Consequently, AM-ASS samples
amass a greater total hydrogen concentration. In these
samples, the concentration gradient across depth is
evidently smaller, subsequently yielding a lower level
of solid solution strengthening in the austenite phase
compared to AM-ASS + HT samples where hydrogen
transport is curtailed. In addition to solid solution harde-
ning, the hydrogen concentration gradient throughout
the depth is intrinsically linked to the stress gradient
within the tested samples — stemming from their hetero-

Brittle hydrogenated layer

geneous hydrogen charging. This aspect becomes more
pronounced in AM-ASS + HT samples where the trans-
fer of hydrogen atoms during charging and subsequent
deformation is hindered due to the alterations in mor-
phology and the reduction in the volume fraction of fer-
rite [22; 23]. Therefore, even with a lower hydrogen
adsorption concentration during hydrogen charging,
the yield strength of AM-ASS + HT samples, wherein
hydrogen transport is limited, displays increased suscep-
tibility to hydrogen charging: the hydrogen-induced rise
in yield strength is more significant in AM-ASS + HT
samples compared to AM-ASS samples. However,
the hydrogen embrittlement factor /;, which quantifies
the reduction in elongation to failure due to hydrogena-
tion, is greater for AM-ASS samples (Table).

Effect of hydrogen-charging on mechanical properties
of AM-ASS and AM-ASS +HT samples

Biausinne HABOJOPOKUBAHMS HA MeXaHNYeCKHe CBOCcTBA
oopasuoB AII-AHC u AII-AHC + TO

Sample Gy, MPa | o ,MPa | 6,% |[;,%
AM-ASS 220+£5 | 516+7 | 62+2 -
AM-ASS +H 275+5 537+£2 | 42+£2
AM-ASS + HT 192+4 | 523+8 | 73+3 ”
AM-ASS+HT+H | 265+3 | 544+3 | 55+2

| AM-ASS+HT+H |

%

Fig. 3. SEM images of fracture surfaces of hydrogen-charged (H) AM-ASS (a, b) and AM-ASS + HT (c, d) samples

Puc. 3. COM-u3006paxkenust nosepxHocreit paspyuenus HasogopoxeHHbsix (H) AII-AHC (a, b) u ATI-AHC + TO (c, d) o6pa3sios
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Fig. 3 portrays SEM images of fractured surfaces from
both hydrogen-charged AM-ASS and AM-ASS + HT
samples. Across all samples, hydrogen charging results in
the formation of a brittle surface layer, while the remain-
ing portions of the samples exhibit a ductile transcrys-
talline fracture mode, comparable to uncharged samp-
les [14].

The fracture surfaces of the brittle hydrogenated layer
exhibit features characteristic of both transcrystalline and
intercrystalline fracture, including ridges and flat facets.
The presence of intercrystalline cleavages aligns with
the aforementioned mechanisms of hydrogen adsorption,
specifically pointing towards the accumulation of hydro-
gen atoms at interphase boundaries. The transcrystal-
line nature of the fracture signifies the brittle fracture
of hydrogen-saturated austenite grains, along with
the formation of deformation-induced martensite within
them, as documented in [2; 14; 23; 24].

The thickness of the brittle hydrogenated layer is
notably greater for AM-ASS samples (D;; = 55 + 12 pm)
characterized by a higher initial proportion of ferrite —
than for AM-ASS + HT samples (D;; =29 + 7 pm). This
experimental observation corroborates the findings from
TDS studies, mechanical tests, and the preceding discus-
sions.

[ ConcLusions

The investigation delved into the hydrogen embrit-
tlement characteristics of austenitic chromium-nickel
steel samples produced via electron beam additive
manufacturing in two distinct states: immediately fol-
lowing additive growth and subsequent post-produc-
tion heat treatment. Annealing the additively manu-
factured samples at 1100 °C for 1 h yielded a notable
reduction in the volume fraction of d-ferrite — from 20 %
to 5 % — accompanied by an alteration in its morpho-
logy. Specifically, the state after EBAM exhibited thin
extended lamellae of dendrites, while the heat-treated
samples showcased isolated inclusions (particles) of fer-
rite. This transformation in phase composition and micro-
structure exerted an impact on the steel’s susceptibility
to hydrogen embrittlement, the solubility and distribu-
tion of hydrogen during the process of electrolytic satura-
tion, and the dimensions of the brittle hydrogenated layer
within the samples.

Even though the annealed samples with a lower pro-
portion of ferrite contained a lower overall concent-
ration of dissolved hydrogen, their hydrogen-induced
increase in yield strength (Acg'l: 73 MPa), exceeded
that of samples following EBAM, characterized by
a higher proportion of dendritic ferrite (Acsgl'2 =55 MPa).
This discrepancy can be attributed to the impedance
of hydrogen transport deep into the samples along
o-ferrite dendrites due to modifications in their morpho-
logy and the reduction of interphase boundaries. These

boundaries function as traps for hydrogen atoms within
both the austenite crystal lattice and intergranular regions.
Consequently, post heat treatment, hydrogen transport
deep into the samples is curtailed, leading to its accu-
mulation in the surface layers. This accumulation con-
tributes to robust solid-solution hardening of the aus-
tenitic phase, thereby engendering a pronounced stress
gradient due to the hydrogen concentration gradient in
these samples.

The thickness of the brittle hydrogenated surface layer
and the hydrogen embrittlement factor were found to be
more significant for the initial additively manufactured
steel samples (D, = 55 £ 12 um, I,; = 32 % for AM-ASS
and D, =29 £ 7 um, I,; = 24 % for AM-ASS + HT samp-
les). The reduction in the volume fraction and the alte-
ration in the morphology of d-ferrite, brought about by
post-production heat treatment, enhance the resistance
of EBAM stainless steel to hydrogen embrittlement.
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