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Abstract: In the frame of this work, the influence of microsegregations on local properties of certain austenitic steels is investigated. 
One intention is to generate “property-maps” dependent on the local chemical composition, more specifically, the local concentration 
of alloying elements. Previous studies exhibited that the steel AISI 304L is susceptible to hydrogen embrittlement whereas AISI 
316L features a high resistance to the embrittlement process by atomic hydrogen. These results are partly connected with the positive 
influence of the element Ni on the austenite stability. In addition, the value of the stacking fault energy (SFE) affects the deformation 
mechanism during plastic strain. A low SFE is related with an increase in strength due to the twinning process or an ε- and 
α'-martensite transformation, respectively. Austenitic (γ) steels with a low SFE tend to transform in the order γ→ε→α'. On the other 
hand, austenitic steels with a high SFE show a high resistance to α'-transformation due to the more difficult direct γ→α' 
transformation. Local concentration differences of alloying elements (microsegregation) lead to an inhomogeneous response during 
plastic deformation, because of the resulting differences in the local SFE and the local austenite stability. Based on a fundamental 
knowledge about the local deformation mechanisms, it will be possible to develop new austenitic multicomponent iron-based fcc 
alloys with a high resistance to hydrogen environment embrittlement. The development of these alloys is focused on the 
microstructural stability. In this work, measured and calculated results of microsegregations in iron-base fcc alloys are presented. 
They serve as a basis for calculated local properties which will be discussed in the context of hydrogen embrittlement. 
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1. Introduction  

Fossil fuels are the primary energy source for the 

energy economy and automotive industry. Especially, 

the efficiency of utilization of fossil fuel has increased 

over the years. However, the availability of fossil fuel 

is limited. Oil is the most important fossil energy 

source. The combustion of oil leads to the emission of 

CO2 which is responsible for global warming due to 

greenhouse gas. Currently, there are two ways to 

achieve the goal of zero local emission. Firstly, by 

using battery-driven electrical engines and secondly, 

by using hydrogen as engine fuel. Both technical 

possibilities possess different disadvantages. 

Compared to conventional combustion engines 

electrical engines provide much smaller range due to 
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their battery capacity. Otherwise, engines which use 

hydrogen as fuel are stressed by hydrogen itself. 

Atomic hydrogen at high pressure in metallic tanks 

and gas pipes (transport system for hydrogen) may 

lead to an embrittling effect. 

Another aspect is the sustainable energy generation. 

A sustainable energy generation can be realized by 

renewable energy which includes wind energy, 

photovoltaics, biomass, tidal or the combination of 

them [1]. In this context, the generation of hydrogen 

and its storage are often mentioned [2]. Hydrogen 

storage under high pressure or cryogenic temperature 

increases the capacity. Focused on hydrogen, the 

detrimental impact of solute atomic hydrogen in steels 

must be considered.  

Applications in respect of power generation, storage 

and transport of liquid or gaseous hydrogen depend on 

a suitable choice of applicable material. In general, 
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these materials are stressed by chemical (corrosion), 

thermal (temperature) and/or mechanical (pressure) 

impact. Several components of stationary facilities or 

mobile applications are in a permanent contact with 

fuel. For instance, tanks are used to storage, valves 

adjust the fuel-flow and pipelines are used for the 

transport.  

In this regard, austenitic stainless steels are 

commonly used for hydrogen applications. The 

beneficial properties in respect of corrosion resistance 

and ductility also at low temperature are the reasons 

for the good compatibility of austenitic steels. 

Nevertheless, austenitic stainless steels are susceptible 

to hydrogen embrittlement [3]. In particular, 

metastable austenitic steels such as AISI 304 show an 

embrittling effect during plasticity in hydrogen 

atmosphere [4]. Strain induced martensite 

transformation (γ→α') during plastic deformation 

changes the properties of metastable austenitic steels. 

The combination of hydrogen atmosphere and phase 

transformation of metastable austenitic steels is related 

to their susceptibility to hydrogen embrittlement. The 

stability of the austenitic phase is an important 

characteristic of austenitic stainless steels in terms of 

their resistance to hydrogen environment 

embrittlement [5-8]. In this context, the prevention of 

the formation of α'-martensite is necessary [5, 6, 9]. In 

this regard, austenite formers such as Ni are important 

to suppress the formation of α'-martensite [10]. 

Previous investigations of metastable austenitic steels 

describe a relation between a low stacking fault 

energy (SFE) and the deformation induced formation 

of martensite. Thereby, a direct transformation of 

austenite to α'-martensite appears at a high SFE, 

whereas a low SFE is responsible for an indirect 

martensite transformation in the sequence of γ→ε→α' 

[11]. Concerning hydrogen embrittlement, the 

formation of ε-martensite by stacking faults has no 

detrimental effect [12, 13].  

For the estimation of the austenite stability 

empirical equations or in-situ calculations may be 

used. The results of such calculations refer only to the 

global alloy composition [14-17], while local 

concentration differences in form of 

microsegregations are disregarded. A recent study 

considered local variations of Cr and Ni contents of a 

conventionally manufactured steel grade AISI 316L 

by EDS investigation of segregations bands [18]. This 

investigation showed that differences in chemical 

composition in form of segregations affect the 

stability of austenite [18]. Especially, the segregation 

of the austenite former Ni may well influence the local 

properties of an metastable austenitic steel. Therefore, 

the focus of this work is the investigation of 

microsegregation and to deduce from the results a 

predication of the local stability of the examined alloy.  

In the context of hydrogen environment 

embrittlement, investigations of specimens examined 

in hydrogen atmosphere by tensile tests show a 

distinct formation of secondary surface cracks [4]. The 

formation of secondary cracks is related to the 

influence of atomic hydrogen in austenitic steels [10]. 

The local occurrence of strain-induced martensite 

benefits the formation of secondary cracks [10]. In 

this context, the stability of austenite against the local 

formation of martensite is an important parameter. 

Therefore, secondary surface cracking of a specimen 

which was examined by tensile test in hydrogen 

atmosphere will be discussed in the context of local 

stability of the austenite.  

2. Experimental 

2.1 Specimens and Tensile Tests 

Specimen of former investigations of Martin [19] 

were used for the microstructural study of this work. 

The production route of these sample is described 

below. 

Bars of conventional manufactured AISI 304L 

(X2CrNi18-8) with a diameter of 30 mm were used to 

produce tensile specimens with a length of 30 mm and 

a diameter of 5 mm. Tensile specimens were 

machined out from the center of the bars. Afterwards, 
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heat treatment was performed in a vacuum furnace at 

1,050 °C for 30 min. As quenching medium argon was 

used at a pressure of 0.2 MPa to avoid oxidation and 

distortion of the tensile specimens. 

Tensile tests were performed in pure hydrogen gas 

with a purity of more than 99.9999 % and a pressure 

of 40 MPa. According to ASTM G129 standard an 

initial strain rate of 5.5 × 10-5 s-1 was used. In 

addition, the experimental temperature in hydrogen 

atmosphere was -50 °C to induce a maximum 

embrittlement in a hydrogen atmosphere [20].  

2.2 Analysis of Microsegregations 

Microstructure, propagation of secondary surface 

cracks and gradients in chemical composition were 

analyzed by scanning electron microscope (SEM) 

(Tescan Vega3 SBH). Characterization of the local 

element distribution (microsegregations) were carried 

out by energy dispersive X-ray spectrometry (EDS) 

using an Bruker Quantax EDS-system (XFlash 5030 

detector). Microsegregations were examined by EDS 

line scans and EDS mappings. The determination of 

the distribution of the main alloying elements (Cr, Ni) 

were performed without consideration of carbon and 

nitrogen, whereas substitutional elements with a 

content greater than 0.1 mass% were considered. For 

the EDS investigations an acceleration voltage of 25 

kV and a working distance of 15 mm were used. The 

measurement time for EDS line scans was about 40 

min for a length of approximately 100 µm (beam 

diameter of 120 nm, step distance of 300 nm). EDS 

mappings were carried out for 8 h at least and a beam 

diameter of 180 nm was used. The micrographs were 

taken with secondary electrons contrast. 

2.3 Estimation of Global and Local Austenite Stability 

Thermo-Calc software (TC), version TCS, and the 

thermodynamic database TCFE7 were used for 

calculation of the stacking fault energy (SFE) and the 

difference in Gibbs free energy between the austenitic 

fcc- (γ) and ferritic (martensitic) bcc-phase (α). Both 

parameter were used to evaluate the local stability of 

austenite.  

Corresponding to works of Mújica et al. [14, 15] 

the SFE-calculation was carried out based on the 

model of Olsen &Cohen (Eq. (1)) [21]. 

3 2

0

2 2
fcc hcp

/

m

GSFE
V N


            (1) 

where, ΔGfcc→hcp is the difference in Gibbs free energy 

of the γ- and ε-lattice, Vm means the molar volume, N0 

is the Avogadro constant and σγ/ε is the interfacial 

energy between a stacking fault (SF) and the 

undisturbed lattice of the metal matrix. 

Calculation of the driving force for 

γ→α-transformation was used to determine the 

austenite stability (Eq. (2)). 
bcc fccG G G              (2) 

where, Gbcc and Gfcc are the Gibbs free energies of the 

bcc- or fcc-phases, respectively. 

In addition, an empirical equation according to Nohara, 

was used to estimate the local stability of austenite 

against martensitic transformation (Eq. (3)) [22].

d30M ( C) 551 462(C N) 9.2Si 8.1Mn 13.7Cr 29(Ni Cu) 18.5Mo 68Nb 1.42(GS 8.0)                (3) 

where, Md30 means the temperature at which 50 vol.% 

of the austenite transforms to martensite by a plastic 

strain of 30 % and GS is the grain size number 

according to ASTM E112. The calculation of the Md30 

temperature is performed by input of alloying 

elements in mass%. 

A quantitative determination of the interstitial 

elements C and N by means of EDS-analysis is not 

possible, therefore, the content of C and N was 

assumed to be constant. Consequently, 

microsegregations of C and N are not considered in 

the calculations of this work. 

3. Results 

3.1 Global Alloy Composition and Global Properties 

Optical emission spark spectrometry (OES) was 
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used to measure the global chemical composition of 

the tensile test specimens. Analyzed was the cross 

section in as-received condition of the conventional 

steel grade AISI 304L by several measurements. The 

measured alloy composition in mass%, the calculated 

Md30 temperature (Eq. (3)) and difference in Gibbs 

free energy between the γ- and α-phase (Eq. (2), 

ΔGγ→α) for the global alloy composition are given in 

Table 1. For the calculation of the Md30 temperature a 

grain size number of 6 (46 ± 6 µm), according to 

ASTM E 123, was determined. 

3.2 EDS Line Scan Analysis and Local Properties 

The results of EDS analysis are divided into 

characterization by line scans and mappings. Thereby, 

all substitutional elements listed in Table 1 were 

considered. The distribution of the interstitial elements 

C and N were considered as homogeneous. Fig. 1 

shows the results of two EDS line scans (LS1 and 

LS2), with a length of approximately 100 µm, near the 

area of crack initiation and crack-end. The EDS line 

scans start at the borderline of the embedding and the 

analyzed tensile test specimen, perpendicular to the 

specimen surface. To ensure that the specimen surface 

is analyzed, the measurement started in embedding 

(first 3-4 µm, Fig. 1). 

Fig. 1a illustrates an inhomogeneous distribution of 

the main alloying elements Cr and Ni, whereas the 

level of Mn seems to be constant with a content of 2 

mass%. The Cr concentration varies in a range of 3 

mass% (18-21 mass%). The greatest difference in 

distribution is indicated by the Ni concentration. The 

Ni content fluctuates between 6 and 11 mass%. Both 

diagrams in Fig. 1a show that the crack stops (dashed 

line) in areas with a high or increasing Ni content. 

Both graphs in Fig. 1b illustrate the course of the 

local austenite stability dependent on the chemical 

composition along the analyzed EDS line scan path. 

Displayed are the calculated values, by using EDS 

data, of Md30 temperature (empirical equation) and 

Gibbs free energy difference ΔGγ→α (using TC 

database) between the α- and γ-phase. The values of 

the Md30 temperature (black line in Fig. 1b) and 

ΔGγ→α (grey line in Fig. 1b) illustrate the stability of 

austenite by means of temperature or Gibbs free 

energy, respectively. By trend, both graphs show a 

reverse curve progression. Associated with the 

evolution of the Ni content in Fig. 1a, with increasing 

Ni content the Md30 temperature decreases, while the 

ΔGγ→α value increases. The crack propagation is 

stopped in regions with a Md30 temperature range of 

-20 to -30 °C and a ΔGγ→α of approximately -2,500 

J/mol (Fig. 1b). 

The graphs in Fig. 1c are divided by means of the 

height of SFE depending on the deformation 

mechanism. The classification of the deformation 

mechanism in dependence of the SFE takes place in 

accordance with the investigations of Allain et al. and 

Dumay et al. [23, 24]. Therefore, dislocation glide 

appears at a SFE above 35 mJ/m2, TWinning induced 

plasticity (TWIP) occurs below 35 mJ/m2 up to 18 

mJ/m2, between 18 and 12 mJ/m2 exists a range of 

TRansformation Induced Plasticity (TRIP) 

characterized by ε-martensite (hcp-lattice) formation 

and below 12 mJ/m2 a TRIP region of α'-martensite 

(bcc-lattice) is present.  

Contrary to the Md30 temperature and ΔGγ→α in Fig. 

1b, the calculated SFE in Fig. 1c does not indicate a 

direct correlation with the course of the Ni content in 

Fig. 1a. Fig. 1c implies that the crack propagation is 

stopped in the TRIP region of ε-martensite formation 

with a SFE above 12 mJ/m2.  
 

Table 1  Chemical composition of tensile test specimens, values given in mass-% (without trace-elements). Calculated Md30 
temperature in °C and difference in Gibbs free energy ΔGγ→α in J/mol. Global analysis measured by OES, local analysis 
measured during EDS mapping. 

304L C N Cr Ni Mn Si Cu Mo Md30 ΔGγ→α 

OES 0.02 0.07 17.7 8.6 1.9 0.7 0.6 0.3 -27 -2430 

EDX - - 18.4 8.0 1.7 1.2 0.6 0.5 - - 
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Fig. 1  EDS line scans (LS): (a) distribution of the main elements Cr (black dotted line), Ni (black line) and Mn (grey line), 
(b) calculated Md30 temperature (black line) and difference in Gibbs free energy ΔGγ→α (grey line) and (c) calculated SFE 
along the measuring lines LS1 and LS2. The calculations in (b) and (c) were carried out in consideration of all elements of 
Table 1. 
 

3.3 EDS Mapping and Local Property Maps 

The EDS mapping in Fig. 2 shows the investigated 

area of secondary cracks. Depicted is the distribution 

of the alloying elements Cr and Ni. Zones of 

segregation are clearly visible by the Cr distribution as 

well as by the Ni distribution. The width of the 

segregation bands of Ni (high and low Ni-content) is 
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which illustrates the distribution of the calculated Md30 

values, is depicted. The Md30 map shows that the 

secondary cracks stop in the temperature range below 

-20 °C. The regions in a temperature range below -20 

°C are in agreement with the segregation zones of a 

high Ni content in Fig. 2. 

Fig. 3b illustrates the calculated ΔGγ→α values. The 

associated histogram shows the considered values of 

the ΔGγ→α and their distribution as a function of the 

calculated ΔGγ→α values. The crack propagation is 

stopped in front of the region with a ΔGγ→α value of 

more than -2,500 J/mol (Fig. 3b). These areas 

correspond to the region of microsegregation bands 

with a Ni content of at least 8 mass % (Fig. 2). 

4. Discussion 

4.1 Global and Local Consideration of the 

Microstructure 

The chemical analysis by OES exhibits a 

homogeneous distribution of the alloying elements. 

Based on the global constitution of the investigated 

alloy AISI 304L it is simple to deduce an assumption 

about the stability of the austenite by calculated values 

such as the Md30 temperature, ΔGγ→α or stacking fault 

energy. However, by the consideration of the global 

constitution the local composition in regard to 

microsegregation is disregarded. Microsegregation are 

responsible for local differences in the alloy 

composition. Therefore, the characteristics can’t be 

assumed to be constant. A local destabilization of 

austenite may increase the sensitivity to hydrogen 

environment embrittlement. Especially, when the less 

stable zones or bands are located in the edge region. 

The investigation of the influence of 

microsegregations in the context of hydrogen 

environment embrittlement was carried out by tensile 

test in hydrogen atmosphere. 

Specimens after tensile tests in air atmosphere 

performed at -50 °C show a ductile fracture surface 

without any further surface defects [19]. AISI 304L 

tensile test specimens after examination in hydrogen 

atmosphere at -50 °C show a brittle fracture surface 

[19]. This fact was also observed in tensile tests of the 

steel grade AISI type 304 at 25 °C in hydrogen 

atmosphere [6]. Beside the brittle failure of tensile test 

specimens, a typical feature of hydrogen environment 

embrittlement is the initiation and propagation of 

secondary cracks in the surface area [6]. Secondary 

cracks occur over the entire surface, mostly 

perpendicular to the stress direction (Fig. 1).  

An investigation of the crack environment in terms 

of the local microstructure is necessary in order to 

obtain relevant information about the crack 

propagation. In this context, EDS measurement by 

means of line scan (one-dimensional) and mapping 

(two-dimensional) is a suitable method of analysis. 

EDS analysis of the crack environment indicates 

that on the one hand microsegregations are present 

(Figs. 1a and 2) and on the other hand segregation 

bands with a high Ni content are responsible for the 

crack stop in Fig. 2. Focused on the concentration of 

the main elements Cr and Ni, Fig. 1a indicates that a 

local Ni content of 8.5 mass% and a local Cr content 

of 19 mass% (LS1) or 18 mass% (LS2) impede the 

crack propagation. This correlation suggests to 

calculate and compare the Cr and Ni equivalent in the 

region of the crack tip. The Cr and Ni equivalents was 

calculated according to the suggested equation of 

Schaeffler & Delong (Eq. (4), content in mass%) [25]. 

eqGr Cr 1.4Mo 1.5Si 0.5Nb 2Ti      

eqNi Ni 30(C N) 0.5Mn          (4) 

The calculated results of the Cr and Ni 

equivalents, using the local chemical composition 

near the crack tip, are Creq = 20.4/Nieq = 12.1 for 

LS1 and Creq = 19.1/Nieq = 12.3 for LS2. The Cr and 

Ni equivalents of LS1 and LS2 near the crack tip are 

in the two-phase area of austenite + ferrite (A + F < 

10%), adjacent to the single-phase austenite. That 

result indicates a stable composition against 

martensite transformation in respect of the local 
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chemical composition. Stress assist formation of 

α'-martensite in austenitic steels is related to the 

susceptibility to hydrogen embrittlement [26-28]. 

Consequently, a high stability of austenite is 

necessary to obtain a high resistance against 

hydrogen embrittlement.  

In this study two methods were used to calculate the 

local stability of austenite. Firstly, an empirical 

equation in order to calculate the Md30 temperature 

(Eq. 3). The lower the Md30 temperature the more 

stable is the austenitic phase. Secondly, the calculation 

of the chemical driving force for the γ→α 

transformation (ΔGγ→α-energy, Eq. (2)) by using 

Thermo-Calc database was performed. The latter 

method is based on the investigations of Borgenstam 

& Hillert [29] and Chatterjee et al. [30]. The more 

positive the value of ΔGγ→α the more stable is the 

austenite. An estimation of the local stability of 

austenite by ΔGγ→α is beneficial since all alloying 

elements and the temperature are considered. 

In respect of the Md30 temperature and ΔGγ→α the 

results indicate that local areas within the 

microstructure hinder or stop the crack propagation, 

dependent on a threshold value. As shown in Fig. 1b) 

the crack path passes through an area with a Md30 

temperature above 0 °C and below a ΔGγ→α of -2500 

J/mol. In this region the stability of austenite is low. 

The crack propagation stops in regions with a Md30 

temperature below -25 °C and a ΔGγ→α above -2500 

J/mol. By comparison, these values correspond to the 

calculated Md30 temperature and ΔGγ→α value of the 

global composition of AISI 304L (Table 1). 

According to the global constitution of AISI 304L the 

calculated Md30 temperature and the ΔGγ→α in Table 1 

one might deduce a suitable resistance against 

hydrogen embrittlement. In contrary, AISI 304 grades 

are susceptible to hydrogen embrittlement in high 

pressure hydrogen atmosphere [3].  

The chemical composition is an important 

determining factor to estimate the stability of 

austenite, however, an additional parameter which 

affects the susceptibility of austenitic steels against 

hydrogen embrittlement is the grain size. According to 

literature, a grain size lower than approximately 6 µm 

reduces significantly the susceptibility of austenitic 

steels against hydrogen embrittlement by only slightly 

decrease of the ductility [31, 32]. In this context, a low 

grain size stabilizes the austenitic phase. For instance, 

a grain size lower than 22.5 µm (ASTM E 123 grain 

size number larger than 8) shifts the Md30 temperature 

to a lower temperature (Eq. (3)).  

In relation to a small grain size, the existing studies 

detected that a grain size less than 5 µm leads to a 

significant increase of the SFE [8, 33, 34]. Moreover, 

the SFE is related to the formation of α'-martensite in 

austenitic steels. The deformation mechanism during 

plasticity is determined by the SFE [23]. As 

mentioned, a high SFE (approx. SFE > 35 mJ/m²) is 

related to the deformation mechanism of dislocation 

glide, whereas a low SFE (approx. SFE < 12 mJ/m²) is 

responsible for the martensite transformation by TRIP 

(TRansformation Induced Plasticity). This fact 

suggests to examine the crack environment by 

calculation of the local SFE. For this purpose, EDS 

data of line scans were used to calculate the local SFE 

by means of Eq. (1). The interfacial energy σγ/ε in Eq. 

(1) was recalculated from the measured SFE given in 

a work of Talonen et al. [35]. In addition, the 

recalculated interfacial energy of 22 mJ/m² was 

assumed to be constant. As shown in Fig. 1c, the 

scatter of the local calculated SFE is high along the 

analyzed path. According to that, it is impossible to 

assign a precise SFE value to the undamaged area in 

front of the crack tip. The results indicate that the 

cracks stop in the SFE range of 12 to 18 mJ/m². These 

values correspond to the SFE of ε-martensite 

formation. In contrast to α'-martensite, ε-martensite 

exerts no detrimental influence in terms of hydrogen 

embrittlement [12, 13]. In contrast to the calculation 

of the SFE, more precise results in respect to the local 

stability of austenite were achieved by calculating the 

Md30 temperature and the value of ΔGγ→α (Fig. 1). 
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Consequently, the evaluation of a two-dimensional 

data matrix, measured by means of EDS mapping  

(Fig. 2), was performed without consideration of the 

local SFE. 

Up to now, this work dealt in detail with the 

investigation of EDS line scans near the crack path of 

damage and undamaged regions. A more precise study 

of the crack stop in front of microsegregation bands 

with a high stability of austenite makes it necessary to 

investigate the entire environment of secondary 

cracks. For this reason, the previously examined 

cracks were also investigated by EDS mapping (Fig. 

2). The crack initiation takes place at the surface. In 

this matrix area the Ni content is below 8 mass%. 

Both cracks stop inside a microsegregation band with 

a Ni content above 8 mass%. Ni is a strong austenite 

former. Consequently, the local Ni content obviously 

affects the crack propagation. An increasing local 

stability of austenite inhibits the crack propagation 

(Fig. 3). In accordance to the calculations of the Md30 

temperature and ΔGγ→α, the maximum stability of 

austenite occurs inside the microsegregation band of 

Ni. Therein, the Md30 temperature is about -100 °C 

and ΔGγ→α is more positive than -2,500 mJ/m2. Both 

histograms in Fig. 3 show the distribution of the Md30 

temperature and ΔGγ→α. According to that, the 

average value of Md30 temperature is about -25 °C and 

the mean value of ΔGγ→α is about -2,600 mJ/m2. 

Related to the results of EDS line scans in terms of the 

local stability of austenite (Fig. 1b) a stop of crack 

propagation by a more positive ΔGγ→α value (ΔGγ→α > 

-2,500 mJ/m2) can be deduced. 

Based on the results of this work, it was established 

that a global consideration of the chemical 

composition is not sufficient to describe adequately 

the susceptibility of austenitic stainless steels against 

hydrogen environment embrittlement. It was 

demonstrated that local microsegregation bands with a 

high stability of austenite are able to stop the 

propagation of secondary cracks. This feature enables 

by means of an adjusted manufacturing route to 

produce conventional alloys with an increased 

resistance to hydrogen environment embrittlement. 

5. Conclusions 

In this work an austenitic stainless steel of the type 

AISI 304L was investigated by means of tensile test 

specimen which were tested in hydrogen atmosphere 

at 40 MPa pressure and at a temperature of -50 °C. 

Main focus of this study was the investigation of the 

microstructure, considering microsegregations of all 

substitutional alloying elements with a content above 

0.1 mass%, along or in the immediate environment of 

secondary cracks formed by hydrogen environment 

embrittlement. The local stability of austenite was 

calculated by using EDS data of substitutional 

elements and consideration of the interstitials C and N 

as constant values. EDS data were measured by line 

scans and mapping. The calculations were  

performed with an empirical equation (Md30 

temperature) and by using a Thermo-Calc approach. 

The latter method was used, firstly, to calculate the 

difference in Gibbs free energy between the fcc- and 

bcc-phase (ΔGγ→α), secondly, to calculate the local 

stacking fault energy (SFE). The Thermo-Calc 

approach possesses the advantage of considering the 

influence of all alloying elements as well as the 

influence of the temperature. Assuming a 

homogeneous distribution of the elements C and N, 

the calculations with respect to the austenite stability 

were carried out. It was found that the crack 

propagation is stopped by a high local stability of 

austenite, in form of a Ni segregation band. 
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