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This study investigates the susceptibility of two pipeline steels, ferritic–pearlitic CSN 12022 and marten-
sitic L80, to hydrogen embrittlement. Electrolytic hydrogen charging increased the absorbed hydrogen 
content approximately fivefold in both steels, with the martensitic grade showing higher uptake due to 
its dense dislocation network and carbide distribution. Tensile tests demonstrated that hydrogen had 
little influence on yield or ultimate tensile strength but caused a severe reduction in ductility. Elongation 
dropped from 39 % to 13 % in CSN 12022 and from 25 % to 11 % in L80. Fractographic analysis confirmed 
a transition from ductile dimple fracture to quasi-cleavage fracture in the hydrogen-charged condition. 
These findings confirm that microstructure strongly affects hydrogen embrittlement: ferritic–pearlitic 
steel undergoes a more dramatic relative loss in ductility, while martensitic steel retains higher strength 
but exhibits significant hydrogen-assisted cracking. The results highlight the importance of considering 
hydrogen effects in the design and application of steels for energy and gas transport systems. 
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 Introduction 

The CSN 12022 ferritic-pearlitic steel (Tab. 1) 
belongs to the group of non-alloy structural carbon 
steels with a carbon content in the range of 0.15–
0.22%. It also contains silicon and manganese, which 
improve strength and toughness, while the phospho-
rus and sulfur contents are limited to preserve good 
ductility [1, 2]. Trace amounts of chromium, nickel, 
and copper occur mainly as a result of production pro-
cesses and have no significant effect on the basic pro-
perties. This steel exhibits a balanced combination of 
mechanical properties, making it suitable for a wide 
range of structural applications. It offers good stren-
gth, toughness, and plasticity, as well as good machina-
bility and weldability, which further expand its range 
of uses [3, 4]. In practice, CSN 12022 is employed in 
engineering and construction for the manufacture of 

components subjected to static and dynamic loads—
such as shafts, pins, fasteners, support frames, and 
other machine parts. It is also suitable for pipes, tanks, 
and structural units that require a combination of 
strength, toughness, and good processability [5].  
A specific issue for this steel is hydrogen embrittle-
ment, which manifests as a reduction in toughness and 
ductility caused by the diffusion of atomic hydrogen 
into the metal lattice [[6, 7]. Thanks to its combination 
of good processability, balanced mechanical proper-
ties, and relative toughness even at lower temperatu-
res, CSN 12022 is a versatile structural steel. When 
used in environments containing hydrogen (for 
example, in the chemical industry, or in hydrogen sto-
rage or transport), the risk of hydrogen embrittlement 
must be considered, and both design and operating 
conditions should be adapted accordingly [8].

Tab. 1 Composition of the CSN 12 022 steel 

Element C Mn Si Cr Ni Cu P S 

Composition [%] 0.15 – 0.22 0.5 – 0.8 0.17-0.37 max 0.25 max 0.25 max 0.25 max 0.04 max 0.04 

 
The L80 steel is a martensitic low-alloy steel (Tab. 

2) primarily used in the oil and gas industry, especially 
for seamless pipes in compliance with the API 5CT 
standard [6, 7]. Its chemical composition features a 
medium carbon content (typically 0.2–0.3%) and all-
oying with manganese, silicon, and smaller amounts of 
chromium and molybdenum [9]. These elements 
increase strength, hardenability, and wear resistance, 
while the sulfur and phosphorus contents are strictly 
limited to maintain toughness and good workability 

[10]. The martensitic structure is obtained through 
heat treatment (quenching and tempering), providing 
high tensile strength and good resistance to mechani-
cal wear [11]. L80 steel also maintains sufficient tou-
ghness for use in high-pressure and high-load environ-
ments. Thanks to these properties, it is widely used for 
drilling and production tubing, casing strings, and 
components exposed to demanding mechanical and 
corrosive conditions [7]. A significant issue for this 
steel is hydrogen embrittlement. The ingress of atomic  
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hydrogen into the crystal lattice reduces the ductility 
and toughness of the material [12-14]. L80 steel com-
bines high strength, wear resistance, and sufficient 
toughness, making it suitable for demanding applicati-

ons in the extraction industry. When used in hydro-
gen-containing environments, the risk of hydrogen 
embrittlement must be considered, and appropriate 
measures should be taken in design and operation [15].

Tab. 2 Composition of the L80 steel 

Element C Mn Si Cr Ni Cu P S 

Composition [%] max 0.43 max 1.9 max 0.45 - max 0.25 max 0.35 max 0.03 max 0.03 

 
The purpose of this study is to compare the effect 

of hydrogen embrittlement on the mechanical prope-
rties of two steels, CSN 12022 and L80, which differ 
in their manufacturing processes and microstructures. 
The experimental results obtained from tensile tests 
and fractographic analysis will be used to assess their 
resistance to this phenomenon and to propose recom-
mendations for their practical application. 

 Experimental 

The microstructure was observed on a Nikon Ec-
lipse MA 200 metallographic light-optical microscope. 
Hydrogen charging of the test specimens was perfor-
med by electrolysis. A small plexiglass container was 
attached around the gauge section of each specimen 
and filled with electrolyte (Fig. 1). The hydrogen char-
ging process took place directly on the tensile testing 
machine with hydraulic grips. Charging was conducted 
for 30 minutes prior to the tensile test and continued 
throughout the test until specimen failure.  
The electrolyte used was a solution of 0.1 M H2SO4 
with an addition of 2 g/l of cyanate. A two-electrode 
setup was used, with a platinum electrode and a DC 
laboratory power supply. During the entire test, the 
electric current was maintained at 0.1 A. One side of 
the test specimen was coated with a speckle pattern 
for deformation tracking using the DIC system.  
The resulting current density was approximately  
25 mA/cm². A detailed view of the clamped test spe-
cimen with the electrolyte and container just before 
the start of the tensile test is shown in Fig. 1. The hyd-
rogen content was measured using a Bruker G8 Ga-
lileo elemental fusion analyzer. 

Mechanical property testing was carried out in the 
form of tensile tests. A static tensile test of the initial 
state was carried out at room temperature, as well as a 
static test under hydrogen charging conditions at 
room temperature. Ready-made flat test specimens 
made from two types of steel were provided. The ge-
ometry of the test specimens is shown in Fig. 2. For 
simplicity, the test specimens were labeled as 12 and 
L80. In both cases, the material was taken directly 
from piping shown in Fig. 3.  

Tensile tests on hydrogen-charged samples were 
carried out using the same testing machine as for the 
initial state. Deformation was measured using the Ara-
mis DIC system (see Fig. 1). The crosshead displace-
ment rate was again set to 0.45 mm/min. A total of 

three tests were conducted for each type of steel. 
The appearance of the fracture surfaces of the 

samples after uniaxial tensile testing was documented 
using a Tescan Vega 3 scanning electron microscope.  

The tensile tests were performed using a Mayes 
servo-electric testing machine with a load capacity of 
100 kN (see Fig. 4). A mechanical MTS extensometer 
was used to measure deformation. The crosshead dis-
placement rate was set to 0.45 mm/min. A total of 
three tests were carried out for each type of steel. 

 

Fig. 1 Close-up of the container with electrolyte and the clam-
ped test specimen 

 

Fig. 2 Geometry of flat test specimens for tensile testing 

 

Fig. 3 The supplied material and test specimens 
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Fig. 4 Mayes testing machine with a load capacity  
of 100 kN 

 Results 

 Microstructure and hydrogen content in steel 
samples 

First, the microstructure on metallographic light-
optical microscope was observed. The microstructure 
of steel CSN 12022 (Fig. 5a) consists of polyhedral fer-
rite phase (light-appearing grains) and pearlite 
microstructural constituent (darkappearing grains) 
consisting of the alternating ferrite and cementite la-
mellae structures, which is predominantly located 
along the ferrite grain boundaries and, in some  
cases, forms colonies within the grains [16, 17].  
The structure corresponds to the condition after nor-
malizing annealing and exhibits a relatively coarse-gra-
ined ferritic–pearlitic character with a non-uniform 
distribution of pearlite. This type of microstructure 
provides good ductility and toughness at medium 
strength levels. The microstructure of martensitic steel 
L80 (Fig. 5b) consists of fine-grained tempered mar-
tensite with a uniform distribution of fine carbides. 
The structure results from quenching from the auste-
nitizing temperature followed by tempering, which re-
lieves internal stresses and improves toughness while 
maintaining high strength. 

 

Fig. 5 Microstructure: a) 12022, b) L80 

The results of the hydrogen analysis in the samples 
are presented in Table 3. In the as-received condition, 
steel CSN 12 022 exhibited an average hydrogen con-
tent of 3.07 ppm with a relatively low scatter, while 
martensitic steel L80 showed a somewhat higher 
average value of 5.04 ppm with greater variability. 
Electrolytic hydrogen charging led to a pronounced 
increase in hydrogen concentration in both materials. 
For CSN 12022, the hydrogen content rose to an 
average of 15.02 ppm, representing an approximately 
fivefold increase compared to the initial state. In con-
trast, steel L80 experienced an even more substantial 
effect, with the average hydrogen content increasing 
to 24.73 ppm—almost five times higher than its  

baseline value. The martensitic structure facilitates the 
ingress and retention of hydrogen more than the fer-
ritic-pearlitic one because it contains a high density of 
defects (dislocations, carbides, stresses) that act as 
hydrogen traps. Therefore, martensitic steels are more 
susceptible to hydrogen embrittlement than classic 
low-carbon ferritic-pearlitic steels. The scatter of the 
measured values after hydrogen charging was notably 
larger in both cases, indicating less uniform hydrogen 
uptake among specimens. This greater variability is li-
kely related to differences in surface condition, local 
microstructural features, and the interaction between 
microstructure and hydrogen diffusion. 
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Tab. 3 Hydrogen content in steel samples, in ppm 

Material con-
dition 

CSN 12022 – 
Initial State 

CSN 12022 – Hydro-
gen-Charged 

L80 – Initial State 
L80 – Hydrogen-

Charged 

Average 3.07 15.02 5.04 24.73 

σn-1 0.37 4.66 4.10 12.9 

 Mechanical properties 

The test specimens after the static tensile test of 
the initial state at room temperature are shown in Fig. 
7. The measured values from the tensile tests are pre-
sented in Table 4. In the initial state, the ferrite–pear-
lite steel 12 022 exhibits lower yield and tensile stren-
gth (391 and 547 MPa, respectively) but significantly 
higher elongation (38.8 %) compared to the martensi-
tic L80 grade (644 and 725 MPa, 25.0 %). After hyd-
rogen charging (0.1 A, 0.5 h), both steels show pro-
nounced embrittlement, manifested mainly as a loss of 
ductility. In 12 022, elongation decreases drastically 
from 38.8 % to 13.0 %, while strength remains nearly 
unchanged, though scatter in yield strength increases 
considerably. In contrast, L80 maintains similar stren-
gth levels (680 and 716 MPa) but its elongation drops 
from 25.0 % to 10.8 %. The ferrite–pearlite steel de-

monstrates a more severe relative reduction in ducti-
lity and less uniform behaviour after hydrogen absorp-
tion, whereas the martensitic steel retains higher stren-
gth but remains susceptible to hydrogen-induced em-
brittlement, ending with very limited ductility. Hydro-
gen clearly reduces the ability of both steels to plasti-
cally deform, with a much more pronounced embritt-
ling effect on ductility than on strength. This behavior 
is typical for hydrogen embrittlement in steels: hydro-
gen either weakens interatomic bonds (Hydrogen-
Enhanced Decohesion) or facilitates dislocation mo-
tion and localized slip (Hydrogen-Enhanced Localized 
Plasticity), both mechanisms leading to early fracture. 
The results highlight that martensitic microstructures, 
despite their higher strength, are not immune to hyd-
rogen-induced embrittlement and can even exhibit 
greater susceptibility compared to ferritic–pearlitic 
steels due to their higher density of trapping sites. 

Tab. 4 Results of tensile tests of of the initial state at room temperature and hydrogen-charged samples  
 12022 L80 12022 H2_0,1A0,5h L80 H2_0,1A0,5h 

 YS0,2 
[MPa] 

UTS 
[MPa] 

EL 
[%] 

YS0,2 
[MPa] 

UTS 
[MPa] 

EL 
[%] 

YS0,2 
[MPa] 

UTS 
[MPa] 

EL 
[%] 

YS0,2 
[MPa] 

UTS 
[MPa] 

EL 
[%] 

Average 391 547 38.8 644 725 25.0 438 547 13.0 680 716 10.8 

σn-1 2.6 1.5 1.0 3.6 2.1 0.9 15.7 5.2 0.4 0.7 0.7 1.6 

 
The tensile curves constructed from the data recor-

ded by the testing machine are shown in Fig. 6. The 
tensile curves clearly demonstrate the embrittling 
effect of hydrogen on both steels. The stress–strain 
curve presented in Fig. 6 exhibits a pronounced upper 
and lower yield point (ReH and ReL), which is charac-
teristic of ferritic–pearlitic steels. This behavior can be 
attributed to the presence of interstitial atoms, mainly 
carbon and nitrogen, in solid solution within the ferri-
tic matrix. At the beginning of plastic deformation, 
mobile dislocations are temporarily pinned by these 
interstitial atoms, causing an accumulation of stress 
that leads to the distinct upper yield point. Once the 
stress is sufficient to unpin the dislocations, a sudden 
drop in flow stress occurs, followed by the formation 
and propagation of Lüders bands, which manifest as 
the yield plateau on the curve. The slight enhancement 
of this effect in the tested material may also be related 
to hydrogen interactions with dislocations, since hyd-
rogen can further hinder their motion by forming local 
atmospheres around dislocation cores. After this 
transient stage, a stable plastic flow is established, 
governed by conventional dislocation glide.  
The observed yielding behavior therefore reflects the  

combined influence of interstitial solute pinning and 
hydrogen–dislocation interactions on the early stages 
of plastic deformation in ferritic–pearlitic steel.  
For the ferritic–pearlitic steel 12 022, hydrogen char-
ging results in a significant reduction of elongation, 
with fracture occurring at much lower strain levels 
compared to the uncharged state. Interestingly, the 
yield strength of 12 022 is slightly increased after hyd-
rogen exposure, while the ultimate tensile strength 
remains nearly unchanged, indicating that hydrogen 
primarily suppresses the ductility rather than the load-
bearing capacity. In contrast, the martensitic steel L80 
shows only a minor reduction in tensile strength upon 
hydrogen charging, but the ductility is severely re-
duced, with the material fracturing at around half of 
the elongation of the uncharged state. This pronoun-
ced loss of plasticity in both steels confirms the strong 
susceptibility of their microstructures to hydrogen-as-
sisted cracking, although the mechanism differs: in 
ferritic–pearlitic steel it is mainly due to premature 
plastic instability, while in martensitic steel it is associ-
ated with hydrogen trapping and crack initiation along 
high-stress sites. 
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Fig. 6 Comparison of tensile curves of hydrogen-charged and 
uncharged test specimens 

 
The test specimens after the static tensile test on 

samples without hydrogen and hydrogen-charged 
samples at room temperature are shown in Fig. 7 and 
8. After each test, the specimen was immediately rin-
sed with clean water, dried with a hot air gun, and then 
preserved with WD-40 oil to prevent corrosion of the 
fracture surface and specimen surface. In the L80 spe-
cimens, a large number of cracks were observed in the 
necking area (see Fig. 9) suggesting a high brittleness 
of the hydrogen-charged martenzitic steel.  

 

Fig. 7 Test specimens after static tensile testing without  
hydrogen 

 

Fig. 8 Test specimens after static tensile testing in an electroly-
tic hydrogen environment. On the left: CSN 12022; on the 

right: L80 specimens 

 

Fig. 9 Close-up of the fracture area of the L80 test specimens 

 Fracture surfaces of the samples after uni-
axial tensile testing 

Fracture surfaces of the "CSN 12022 initial state" 
samples at different magnifications are shown in Fig. 
10. Fracture surfaces of the "L80 initial state" samples 
at different magnifications are shown in Fig. 11.   
The fracture surfaces of both steels in the initial states 
show practically no differences. In both cases, signifi-
cant signs of plastic deformation are present on the 
fracture surfaces (irregular surface, dimpled morpho-
logy). No internal flaws were found on the fracture 
surfaces. Both steels exhibited noticeable necking at 
the fracture locations. 

 

Fig. 10 Fracture surface of the "CSN 12022 initial state" 
sample 
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Fig. 11 Fracture surface of the "L80 initial state" sample 
 
Fracture surfaces of the "ČSN 12 022 hydrogen-

charged" samples at different magnifications are 
shown in Fig. 12. Fracture surfaces of the "L80 hyd-
rogen-charged" samples at different magnifications 
are shown in Fig. 13. The fracture surfaces of both 
steels after hydrogen charging again show practically 
no differences between each other. In the hydrogen-
charged samples, the fracture surfaces were signifi-
cantly less irregular. No internal flaws were detected 
on these fracture surfaces either. The markedly more 
“brittle” nature of the fractures was also indicated by 
the significantly lower reduction in cross-sectional 
area at the fracture sites. 

 

Fig. 12 Fracture surface of the "CSN 12022 hydrogen-char-
ged" sample 

 

Fig. 13 Fracture surface of the "L80 hydrogen-charged" 
sample 

 Discussion 

The experimental results clearly show that hydro-
gen causes only minor changes in yield and tensile 
strength but leads to a pronounced loss of ductility in 
both steels. In ferritic–pearlitic CSN 12022, elonga-
tion was reduced by nearly 70 %, while martensitic 
L80 lost more than half of its original ductility. This 
behavior is consistent with previously reported trends, 
where hydrogen primarily affects fracture strain rather 
than strength values [6, 13, 14]. The larger hydrogen 
uptake observed in L80 is explained by its tempered 
martensitic microstructure, which contains a high den-
sity of dislocations, carbides, and residual stresses that 
serve as trapping sites for hydrogen. Similar findings 
have been reported for other high-strength martensi-
tic steels, where increased trapping capacity enhances 
susceptibility to hydrogen embrittlement [10, 12, 14]. 

Fractographic observations further support these 
conclusions, showing a transition from ductile dimple 
fracture in uncharged samples to quasi-cleavage 
fracture after hydrogen charging. While both steels 
exhibited this transition, the martensitic grade displa-
yed more frequent secondary cracks in the necking 
area, consistent with hydrogen-assisted cracking re-
ported in pipeline steels [15, 16]. These results under-
line that, despite its higher strength, the martensitic 
steel L80 is not immune to hydrogen embrittlement 
and in fact may show higher sensitivity than the lower-
strength ferritic–pearlitic CSN 12022. 

 Conclusion 

This study demonstrated that both ferritic–pearli-
tic CSN 12022 and martensitic L80 steels are  
significantly affected by hydrogen embrittlement.  
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Electrolytic hydrogen charging increased the absorbed 
hydrogen content by approximately fivefold in both 
materials, with L80 showing higher absolute uptake. 
Tensile tests confirmed that hydrogen had little effect 
on strength but caused severe loss of ductility, redu-
cing elongation from 39 % to 13 % in CSN 12022 and 
from 25 % to 11 % in L80. Fractography revealed a 
clear transition from ductile to brittle fracture modes 
after hydrogen exposure. These findings confirm that 
microstructure plays a decisive role in hydrogen 
susceptibility: the higher strength martensitic steel re-
tains load-bearing capacity but exhibits limited ducti-
lity under hydrogen, while the ferritic–pearlitic steel 
suffers an even greater relative reduction in plasticity. 
For engineering practice, these results highlight the 
necessity of accounting for hydrogen effects when se-
lecting and applying steels in energy, gas transport, or 
hydrogen-related technologies. 
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