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Abstract 

 

The results of investigation of the influence of hydrogen on the microstructure and on the character of 

corrosion degradation of ferritic and austenitic stainless steels has been described. The samples were cathodically 

charged at room temperature in 0.5M H2SO4 solution containing the hydrogen entry promoter. Corrosion tests 

using electrochemical methods have been carried out before and after hydrogen charging. Light (LM) and 

scanning electron (SEM) microscopy for microstructure and corrosion damages examination were used. 

It was shown that hydrogen causes significant changes of microstructure in the surface layer of both types of 

tested steels. These changes like microcracks, blisters and hydrogen induced microtwins are particularly 

sensitive places for corrosion attack and decide about the character and morphology of the corrosion damages. 
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Introduction  

 

It is well known that hydrogen induces degradation of the microstructure and mechanical properties of 

stainless steels (Carter et al. 2001; Timmins 1997). The mechanisms of hydrogen degradation are complex and 

numerous investigations have not, as yet, clarified them sufficiently. In particular, the hydrogen induced 

microstructural changes are not discussed. In investigation of hydrogen degradation of the properties of stainless 

steels, it is necessary to take greater account on the structural changes brought about by hydrogen. 

Cathodic hydrogen causes significant and permanent changes in the microstructure of stainless steels, 

particularly in the surface layer of the thickness of about several micrometers (Szummer et al. 1979; Szummer et 

al. 1996). 

In ferritic stainless steels there takes place microtwins formation (Tanino et al. 1982) with characteristic 

surface relief which looks analogically to that of the martensite plates, although there is no austenite-ferrite 

transformation (Szummer et al. 1999; Szummer et al. 1996). It is highly probable that these microtwins appear 

because of an unstable hydride phase formation in alloy ferrite (Lublinska et al. 2007). As a rule in these steels 

cathodic hydrogen charging causes formation of microcracks, crevices and hydrogen blisters and TEM 
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observations revealed an increase dislocation of density (Szummer et al. 1999; Szummer et al. 1996; Tanino et 

al. 1982). It was found that the absorbed hydrogen expands the Cr alloyed ferrite lattice parameter by about 

0.14% and is a source of high stresses (Lublinska et al. 2005). 

In austenitic stainless steels under the high fugacity of hydrogen produced by cathodic charging, phase 

changes occur, which have been attributed to the lattice strain accompanying hydrogen absorptions in the fcc 

structure and hydride phases formation (Kamachi 1978; Narita et al. 1982; Szummer et al. 1979). In these steels 

hydrogen corrosion occurs mainly as a network of surface microcracks. They form as a result of hydride phases 

formation which are unstable under normal atmospheric conditions (Kamachi 1978; Szummer et al. 1979; Narita 

et al. 1982; Szummer 1985). 

Generally hydrogen ingress into the stainless steels acts destructively leading to a significant deterioration of 

their useful properties as corrosion resistant materials. Hydrogen promotes the breakdown of passive films (Yang 

et al.1998; Motoaki et al.1979; Yang et al. 2001), increases the corrosion rate of numerous steels(Qiao et 

al.1998; Hasegawa et al. 1980) and also hinders the repassivation process (Yang et al. 2001). Yang et al (Yang et 

al. 1999) found that the pitting susceptibility of AISI 310 stainless steel was strongly influenced by the hydrogen 

in the alloy and was correlated with the semiconductive properties of the passive film. Hydrogen dissolved in 

steel induced the change of electronic properties of the passive film. 

In this work the effects of hydrogen induced changes of microstructure in the surface layer of stainless steels 

on the morphology of the pits and of other local corrosion damages were investigated.  

Experimental  

Commercial austenitic and special low carbon ferritic stainless steels were used for the investigations. Single 

crystals of steel containing 16 wt. %Cr were also studied. The material was in annealing state. The detailed 

chemical composition of the materials is given in Table 1. 

Table 1. Chemical composition (weight %) of the steels investigated 

Element C S Cr Ni Mn Si Mo Ti 

Type 304 0.051 0.021 18.37 10.18 1.5 0.43 0.03  

Type 316L 0.031 0.005 17.07 11.95 1.55 0.48 2.65 0.37 

Type 410S 0.019 0.001 12.27 0.16 0.27 0.34 0.02  

Type 430L  0.025 0.011 19.3 0.15 0.36 0.41  0.41 

Single crystal 16Cr  0.06 0.014 16.0   0.1   
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Hydrogen was cathodically introduced into specimens by applying a constant current density 0.05A/cm
2
 or 

0.1A/cm
2 
for 3 to 18 hours at ambient temperature in 0.5M H2SO4 solution containing 1 mg As2O3 per dm

3 
as a 

hydrogen recombination poison (promotes the entry of hydrogen atoms into metals). Platinum anode was used. 

Before cathodic charging the specimens were initial grinding on abrasive papers and next were polished using 

diamond pastes. One set of the specimens finally was electropolished.  

For microstructure examinations samples, before and after hydrogen charging, were examined using light 

(LM) and scanning electron microscopy (SEM).  

To determine the influence of hydrogen on the resistance to pitting corrosion, electrochemical tests have been 

carried out by the potentiodynamic method. Electrochemical measurements were performed to compare the 

anodic behaviors of the H ï charged specimens and the samples aged for 48h after H-charging (when hydrogen 

was practically desorbed) with the non charged samples. 

The anodic polarization was carried out in 0.5M NaCl solution. The solution was prepared using analytical NaCl 

and distilled water. A conventional three-electrode corrosion cell with the saturated calomel electrode (SCE) as 

reference electrode and a platinum the counter electrode was employed. All the tests were carried out in aerated 

solution at ambient temperature. The potential shift rate was 0.3mV/s.  

To investigate of the effect of hydrogen on the pitting corrosion the cathodic and anodic potential curves were 

recorded. The apparent pitting potential was estimated from the anodic polarization curves. 

To reveal the microstructure features the samples were electrolytically etched in 10% oxalic acid at 10-

50mA/cm
2
 before and after hydrogen charging and one set of the specimens were electropolished in solution: 

H3PO4 65%+ H2SO4 12.5% + H2O 22.5% at 85
o
C (vol.%), at temperature 80ÁC. The current density was 

200A/dm
2 
. 

The scanning electron microscopy (SEM) and light microscopy (LM) was employed to determine changes of 

the microstructure and the morphology of the pitting and other corrosion damages caused by hydrogen.  

 

Results and discussion 

Effect of hydrogen on microstructure of stainless steels 

Austenitic stainless steels 

Metallographic examination, using light microscope with Nomarski contrast, showed that all investigated 

austenitic stainless steels in the initial state have standard austenitic microstructure with large grains containing 

annealing twins (Fig. 1b).  
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Fig. 1. Microstructure of the 316L austenitic stainless steel before hydrogen charging, (b): specimen etched 

electrolytically 

 

   

   

Fig. 2. (a, b, c): H-induced microcracks on the surface of Type 316L steel. (d): SEM image of a tensile test 

sample of 310S steel after cathodic hydrogen charging ï decohesion at grain boundaries in the brittle hydrides 

layer is visible  

 

After hydrogen charging on the formerly smooth electropolished surfaces numerous microcracks are formed 

both transgranular (as a system of parallel cracks) and along grain boundaries (Fig. 2). These surface cracks 

develop in the absence of externally applied stresses and form mainly during post-process aging, that is during 

hydrogen egress as a result of hydride phases decomposition which are unstable under normal atmospheric 

conditions (Kamachi 1978; Narita et al. 1982; Szummer 1985). The hydride phases form a hard and brittle layer, 

several micrometers tick on the surface of austenitic grain (Szummer et al. 1979) ï Fig. 2 d. Hydrides formation 
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requires plastic accommodation of the matrix, which in consequence causes slip bands and microcracks 

formation. 

 

Ferritic stainless steels 

In specimens which were prepared from annealed polycrystalline ferritic stainless steel containing 19.3wt.% 

Cr (Type 430L) and from single crystals of steel containing 16wt.% Cr, cathodic hydrogen charging produces 

distinct and stable surface changes of microstructure (Fig. 3, 4, 5). 

 

   

   

Fig. 3. (a): Microstructure of sample before H-charging electrolytically etched. (b, c, d): The H-induced grain 

oriented microtwins in the form of needles and blisters on the surface of 430L ferritic steel. Samples 

electrolytically etched before H-charging  

 

As can be seen in Fig. 3 b, c formation of numerous cigar-shaped Ăneedlesò with surface relief takes place. 

TEM structural examinations revealed that these ñneedlesò are microtwins (Szummer et al. 1999; Szummer et al. 

1996; Tanino et al. 1982). 
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Fig.4. (a, b): Microstructure of the 410S ferritic stainless steel before hydrogen charging, (b): specimen etched 

electrolytically. (c, d): Hydrogen-induced blisters with cracks on the specimens surfaces after hydrogen charging  

 

     

     

Fig. 5. Hydrogen induced ñgrain orientedò set of microtwins  in the form of needles forming the surface relief 

of ferritic steel single crystal (16wt.%Cr). Matrix orientation [110]. (a, b): LM, (c, d): SEM  
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One can noticed that in these hydrogen induced microtwins there occur many microcracks, which mainly run 

across the axis of the needles (Fig. 3 d and Fig. 5 c, d). These microcracks (Fig. 5) are formed under the stresses 

related to a volume change due to formation of the microtwins. 

Also on the surface of hydrogen charged specimens there appear hydrogen induced blisters with cracks (Fig. 4). 

Electrochemical measurements  

 

Fig. 6 shows examples of polarization curves for the samples of 316L steel before and after hydrogen 

charging. The shapes and positions of the cathodic and anodic branches of these curves indicate that the 

corrosion current density is distinctly higher for the hydrogen charged  samples. The potential of pit nucleation 

for the uncharged samples is always more noble than for hydrogen charged samples. The passive region is much 

lower for H-charged specimens. These results suggest a superior ability to passivity for uncharged steels.  

 

 
 

Fig. 6. Some examples of polarization curves for the uncharged and hydrogen charged specimens of 316L 

austenitic stainless steel in 0.5M NaCl solution  

 

 
 

Fig.7. Some examples of the polarization curves for the uncharged and hydrogen charged specimens of 410S 

ferritic stainless steel in 0.5M NaCl solution  
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In the case of ferritic stainless steels the measurements show that hydrogen charging also lowers their 

resistance to local corrosion (Fig. 7). Hydrogen charged samples are in active state and corrode at lower 

corrosion potential (Ecorr.). This indicates, that as a result of H-charging there follows a degradation of the thin 

passive film on the ferritic 410S stainless steel, and the current density increase is caused by the corrosion of the 

non passive surface layer, with many hydrogen induced blisters (Fig. 12). LM and SEM investigations of the 

hydrogen charged samples have shown, that the corrosion damages have local character and occur mainly in the 

places of the cracked hydrogen induced blisters, which undergo macroetching during anodic polarization (Fig. 

12 a, b).  

 

Effect of hydrogen induced changes of microstructure on the morphology of corrosion damages  

Austenitic stainless steels 

 

Metallographic investigations of the samples after anodic polarization have show essentials differences in 

morphology of the pits which formed in uncharged and H ï charged samples. In the uncharged samples the pits 

were approximately round and as a rule they nucleated at nonmetallic inclusions (Fig. 8 a, 9). On the other hand 

in the H-charged samples the pits shape was irregular (Fig. 8 b), particularly in the initial stage of breakdown of 

the passivity film (Fig. 10). In this case the pits nucleate usually on the hydrogen induced microcracks (Fig. 10).  

These results confirm that in the case of uncharged samples a crucial role in protection against pitting 

corrosion plays the tightness of passive film of oxides. But cathodic hydrogen charging makes this passive film 

strongly defected which causes deterioration of its protective properties. Additionally the microcracks are places 

where crevice corrosion may develop, which may convert after some time to irregular pits.  

 

 

   

Fig. 8. The surface morphologies of 316L austenitic stainless steel after electrochemical test. The uncharged 

specimens (a) and the H-charged specimens (b). LM  
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Fig.9. The surface of the hydrogen-uncharged specimens of the 316L (a) and 304L (b) austenitic stainless steels 

after electrochemical test. Initial stage of the pits formation at non-metallic inclusions 

 

   

   

Fig. 10. The surface of the hydrogen precharged specimens after corrosive testing in 0.5M NaCl solution. Initial 

stage of the pits formation at hydrogen-induced microcracks. (a, b): 304L and (c, d): 316L steels 

 

Ferritic stainless steels 

 

The surface morphologic observations of the uncharged samples of ferritic stainless steels showed that 

corrosion pits nucleated exclusively at non-metallic inclusions (Fig. 11). It is in agreement with the results for 

the uncharged austenitic stainless steels.  

In the case of the hydrogen charged samples of ferritic steels the hydrogenïinduced blisters and microtwins 

are particularly sensitive for pitting corrosion Fig. 12 and Fig. 13. These surface defects reduce the protective 


