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INTRODUCTION   
The harmful consequences of the exposure of steel to a hydrogen containing 

environment was first discussed by Johnson [1]. He showed that hydrogen caused a 

decrease in ductility leading to hydrogen embrittlement. High strength steels turn out to 

be even more sensitive to this phenomenon. Nowadays, the use of high strength steels in 

hydrogen rich environments becomes increasingly important in industry. Therefore, 

before using these steels in this type of environment, a detailed study of their interaction 

with hydrogen is a prerequisite to be able to predict the potential damage, i.e. hydrogen 

blisters, hydrogen embrittlement and hydrogen induced cracking, which might occur 

during use.  
Blisters appear in many materials in the absence of external stress when the hydrogen 
concentration is above a certain threshold. The main goal of this work was to study this 
phenomenon for different types of steels and electrolytes. Most mechanisms trying to 
explain blister formation suggest that hydrogen atoms combine into hydrogen gas 
molecules at the interfaces such as those between second phase particles and the metal 
matrix, producing locally high hydrogen pressure inducing microcracks. The 
propagation and connection of the microcracks causes formation of the blisters and 
cracks [2]. 
 

EXPERIMENTAL  
 
MATERIALS 
 

TABLE 1 : CHEMICAL COMPOSITION OF MATERIALS 

    C Mn Si  Other 
FB450     0.07 1.00 0.10 0.5%-1.0% Cr 
Pure Iron   0.0015 0.0003 - <0.002 Al, P 

 

A FB450 multiphase steel was investigated, as well as pure iron as a reference material. 

The chemical composition of the materials is summarized in Table 1. FB450 is a ferritic-

bainitic steel. 

Discs of 20mm diameter of the materials were punched. The discs were ground to 

1.00mm thickness.  
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BLISTER MAPPING  

In order to investigate the appearance of blisters, samples of both materials were charged 

cathodically in a well-considered cell between two symmetric Pt anodes. The electrolyte 

used was an arsenic aqueous solution (0.5g As2O3 – 0.25g HgCl2 – 60ml H2SO4 / 1l 

H2O). The samples were charged at room temperature during different times (5, 10, 20 

and 30min; 1, 2, 4, and 8 hours; 1, 2 and 3 days) and using different current densities 

(0.8, 2, 5, 10 and 50 mA/cm
2
). After charging, the samples were cleaned with distilled 

water and acetone to remove possible surface deposits. The sample surface was studied 

for possible blisters. 

To evaluate the effect of the electrolyte type on blister appearance, discs were charged in 

the same conditions (time and current density) as mentioned above with two other 

electrolytes: 5g/L of thiourea in 0.5M H2SO4 and 10g/L of thiourea in 0.1M NaOH [3]. 

In order to determine the amount of hydrogen charged using the different electrolytes, 

the hydrogen content was determined on small samples (10x6mm) via melt extraction 

with an H-MAT 2500
®
 (Ströhlein GmbH & Co).  

 
CRACK PROPAGATION 

In order to study the internal damage in the different materials, ground samples of the 

FB450 and pure iron were charged at 10mA/cm
2
 for 1 hour, 1 day and 3 days using the 

arsenic-based electrolyte. Afterwards, the cross sections were analyzed by optical 

microscopy and scanning electron microscopy (SEM). 

 

RESULTS AND DISCUSSION 
 
BLISTER MAPPING ON DIFFERENT MATERIALS 
 

TABLE 2 : BLISTER MAP OF FB450 STEEL CHARGED WITH ARSENIC-BASED ELECTROLYTE 

5 minutes 10 minutes 20 minutes 30 minutes 1 hour 2 hours 4 hours 8 hours 1 day 2 days 3 days

50 mA/cm2 x x x x x x x x x x
10 mA/cm

2 x x x x x
5 mA/cm

2 x x x x
2 mA/cm2

0.8 mA/cm2

TIME

C
U

R
R

E
N

T
 D

E
N

S
IT

Y

 

Results for the two materials, namely FB450 and pure iron, are presented here. Table 2 

shows the results of the FB450 blister map after charging with the arsenic-based 

electrolyte.  Each position in the table represents a sample that was charged using that 

specific current density and charging time. The empty places denote samples that did not 

show surface blisters after charging. Alternatively, the X marked areas represent samples 

that displayed surface blisters after charging. 

 

The appearance of blisters on the sample surface is obviously influenced by the current 

density and charging time. As an illustration, Figure 1 shows the micrographs of two 

charged samples of FB450 steel. In the sample charged for 5 minutes at 50mA/cm², the 
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surface does not show blisters, while on the surface of the sample charged for 8 hours at 

10mA/cm², blisters are clearly visible at the surface. 

 

        
(a)                                            (b) 

Figure 1. Stereographical microscope images of the FB450 after charging with the 

arsenic-based electrolyte. (a) 50mA/cm
2
 for 5 minutes, (b) 10mA/cm

2
 for 8 hours 

 

Table 3 shows the results for the pure iron charged with arsenic-based electrolyte. As 

can be seen, by comparing the results from Table 2 and 3, the pure iron is far more 

sensitive to hydrogen blister formation than the FB450. 

 

TABLE 3 : BLISTER MAP PURE IRON CHARGED WITH ARSENIC-BASED ELECTROLYTE 

5 minutes 10 minutes 20 minutes 30 minutes 1 hour 2 hours 4 hours 8 hours 1 day 2 days 3 days

50 mA/cm
2 x x x x x x x x x x x

10 mA/cm
2 x x x x x x x x x

5 mA/cm
2 x x x x x x x

2 mA/cm
2 x x x x x x

0.8 mA/cm
2 x
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BLISTER MAPPING ON PURE IRON CHARGED WITH DIFFERENT ELECTROLYTES 

The effect of the electrolyte was investigated by comparing the effect of charging with 3 

different electrolytes for pure iron. The blister mapping of pure iron charged with the 

arsenic-based solution was presented above. As mentioned before, two other electrolytes 

containing thiourea were used to charge pure iron. 

 

Table 4 shows the blister map of pure iron charged with NaOH based electrolyte, while 

the results of the mapping done with H2SO4 based solution are presented in table 5. 

 

It was found that for samples charged with the NaOH based solutions, blisters needed 

higher current densities and longer charging times to appear when compared with those 

for the two other electrolytes. Hydrogen determinations by means of melt extraction 

RD 

TD 
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showed that a smaller amount of hydrogen was charged with the NaOH based solution 

compared to the sulfuric acid based solutions. 

 

TABLE 4 : BLISTER MAP OF PURE IRON CHARGED WITH 10g/LTHIOUREA IN 0.1M NaOH 

       

5 minutes 10 minutes 20 minutes 30 minutes 1 hour 2 hours 4 hours 8 hours 1 day 2 days 3 days

50 mA/cm
2 x x x x

10 mA/cm
2 x x

5 mA/cm
2 x

2 mA/cm
2

0.8 mA/cm2
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TABLE 5 : BLISTER MAP OF PURE IRON CHARGED WITH 5g/LTHIOUREA IN 0.1M H2SO4 

5 minutes 10 minutes 20 minutes 30 minutes 1 hour 2 hours 4 hours 8 hours 1 day 2 days 3 days

50 mA/cm
2 x x x x x x x x x x x

10 mA/cm
2 x x x x x x x x x

5 mA/cm
2 x x x x x x x x

2 mA/cm
2 x x x x x

0.8 mA/cm
2 x
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EVALUATION OF THE MICROSTRUCTURAL DAMAGE BY CHARGING 

 

After charging in conditions where no blisters were found on the surface, different types 

of cracks could sometimes still be found. For the FB450 grade, the cracks were 

concentrated exactly in the center of the sample and were found to propagate following 

the rolling direction. This could be related to centerline segregation effects, causing 

enhanced occurrence of inclusions at the centre of the steel sheet. As an illustration, 

Figure 2 shows the damage for the FB450 steel.  

 

 

 
Figure 2: Microstructural characterization of cracked area in a FB450 steel 
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CONCLUSIONS 

 

• Whenever a material is charged with H on laboratory scale, it should always be 

verified that the charging does not cause any damage on the material as this 

might affect the final result. 

• For any electrolyte used for galvanostatic charging, the blister formation 

enhances for higher current densities and higher charging times.  Based on the 

blister map, a safe area of charging conditions can be defined where blisters 

will not occur. 

• Blister formation was found to be dependent on the steel grade; i.e. pure iron 

was found to be more susceptible to hydrogen blister formation than a high 

strength ferrite bainite steel. 

• Blister formation was found to be dependent on the electrolyte; for the same 

charging conditions the NaOH based electrolyte was found to cause less 

damage to the sample than the H2SO4 based solution, which is due to the lower 

amount of hydrogen introduced by this electrolyte. 

• In absence of blisters, cracks could sometimes still be observed in the samples. 

For the FB450 they were situated in the centre of the sample.  
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