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 Several heats of C-Mn steels were tested in order to determine their resistance to specific 
forms of hydrogen provoked damage - hydrogen induced cracking and sulphide stress 
cracking, which are both found in H2S containing environments. The studied steels differed in 
heat treatment (microstructure), cleanliness and level of mechanical properties. In case of 
hydrogen induced cracking especially microstructure features –segregation bands controlled 
the resistance of materials. For sulphide stress cracking a relation could be established 
between mechanical properties of steels and their resistance to this kind of damage but the 
role of microstructure could not be neglected. A fractographic analysis revealed that surface 
cracks initiated on coarse non-metallic inclusions. 

1. INTRODUCTION 

 Hydrogen induced cracking (HIC) and sulphide stress cracking (SSC) represent two kinds 
of a specific hydrogen provoked damage that are frequently met in petroleum and refinery 
industry. In the first case (HIC), it is generally recognized that resistance of steels depends 
mainly on their microstructure features – non-metallic inclusions and segregation bands. 
Elongated manganese sulphides are considered as the most dangerous initiation sites. In the 
second case (SSC), it is believed that resistance of steels can be preferentially related to their 
strength level while microstructure characteristics are less important. The presented paper is 
devoted to the study of HIC and SSC in carbon-manganese steels, which differ in their heat 
treatment (microstructure, level of mechanical properties) and their cleanliness. 

2. EXPERIMENT 

 Plates of various heats of A516Gr70 steel with the thickness going from 35 to 80 mm were 
used for experimental studies. The chemical composition of the studied heats is given in Table 

                                                 
# Authors participate in the CEEPUS No PL-013/02-03 project headed by Prof. L.A. Dobrza�ski. 
*Autors participate on project MSMT CR KONTAKT 052. 



516  J. Sojka, P. Be�áková, L. �ížek, Z. Jonšta, M. Soza�ska, A. Hernas 
 

1. Plates were used after different heat treatments: conventional normalizing – CN 
(890°C/air); quenching and tempering – QT (890°C/water + 590°C/1,5 hour/air). 
 
Table 1   
Chemical composition of A516Gr70 steels (% by mass) 
Heat 
No. 

Thickness 
(mm) 

C Mn Si P S Cu Cr Ni 

1 35 0,21 1,09 0,28 0,009 0,004 0,12 0,29 0,43 
2 40 0,21 1,09 0,27 0,009 0,004 0,12 0,28 0,43 
3 80 0,24 1,07 0,26 0,010 0,003 0,12 0,29 0,42 

 
 Testing of HIC resistance was performed in accordance to NACE TM 0284 standard [1] 
using specimens oriented in longitudinal direction. After 4-day exposure in the testing 
solution (NACE TM 0177) cracks were measured on metallographic sections. Testing of SSC 
resistance was performed in accordance to NACE TM 0177 standard [2] using tensile 
specimens. Specimens were loaded statically in the elastic domain and time to rupture was 
registered. 

3. RESULTS  AND  DISCUSSION 

3.1. HIC Testing 
 Resistance of steels to HIC was determined by the metallographic measurement of 
geometric characteristics of cracks presented on metallographic specimens. The only 
parameter shown here is the crack length ratio CLR. This parameter can be calculated in the 
following way: 

100(%)
a

CLR
w

= �
 (1) 

where a represents the length of cracks and w the specimen width (size parallel to the plate 
surface). Some results are presented in Table 2. 
 
Table 2   
Results of HIC Testing – Crack Length Ratio CLR 
Heat/Heat Treatment CLR (%) 
1/CN 17,7 
1/QT 0 
2/CN 10,2 
2/QT 0 
3/CN 15,3 

 
 Metallografic observation revealed that all presented cracks, if there were any, were 
situated at the mid-thickness of the plates. The results also confirmed the beneficial role of 
quenching and tempering to increase HIC resistance. The resulting structure in the mid-
thickness has not been fully quenched after quenching and tempering and it consisted of 
tempered bainite and non-negligible amount of ferrite. Nevertheless, even this kind of 
microstructure was sufficient to increase considerably HIC resistance and furthermore to 
increase mechanical properties without any lose of notch toughness. As mentioned in the 
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introduction, sulphide inclusions are considered as the most dangerous sites for HIC initiation. 
To our surprise, it was not true in the studied case. Large manganese sulphides were found in 
metallographic specimens not initiating any cracks. The segregation bands consisting of 
pearlite or even bainite represented the favourable sites for HIC initiation in the studied case. 
These bands were enriched especially in manganese and nickel [3]. 

3.2. SSC Testing 
 SSC testing was performed at heats 1 and 2 after conventional normalizing and quenching 
and tempering. The corresponding mechanical properties of the studied heats are given in 
Table 3. 
 
Table 3   
Mechanical properties of heats 1 and 2 
Heat/Heat Tr. Re (MPa) Rm (MPa) A5 (%) Z (%) KCV at 

+20°C (Jcm-2) 
1/CN 385 560 34,5 70 198 
1/QT 543 665 28,0 75 267 
2/CN 364 558 32,9 71 227 
2/QT 528 651 30,8 74 236 

 
 Tensile specimens were loaded statically in the range of (0,5-1)xRe in H2S containing 
environment and the time to rupture was recorded. The results for heats 1 and 2 and two heat 
treatments are summarized in Fig. 1. 
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Fig. 1 Results of SSC testing 

 
 As mentioned above, in the case of SSC it is believed that SSC resistance is governed by 
the level of mechanical properties without any important contribution of the microstructure. 
The role of strength level is only partially confirmed by the results presented in Fig. 1. Lower 
SSC resistance was observed for heat 1 after both heat treatments that cannot be correlated to 
mechanical properties. Fractographic analysis revealed that cracks in this heat were initiated 
on the coarse globular oxi-sulphidic inclusions on the specimen surface (Fig. 2). 
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Metallographic analysis confirmed that there was a significant difference in cleanliness 
between heats 1 and 2. The first of them contained a large amount of coarse globular oxi-
sulphidic inclusions that were not found in heat 2. These results show that even in the case of 
SSC the role of microstructure cannot be neglected. It is in agreement with some literature 
findings indicating that SS cracks can be promoted by non-metallic inclusions [4,5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) b) 
Fig. 2   Fractography of SSC test (heat 1) showing the initiation of SS crack on coarse non-
metallic inclusion 

4. CONCLUSIONS 

 Study of the resistance of C-Mn Steels to HIC and SSC showed that in case of HIC 
resistance can be increased by the heat treatment, especially by quenching and tempering. In 
contradiction to general opinion, sulphide inclusions did not represent the most favourable 
site for HIC initiation. Cracks were initiated preferentially on segregation bands enriched in 
manganese and nickel. 
 In case of SSC, the role of microstructure could not be completely neglected. The presence 
of coarse non-metallic inclusions decreased significantly the resistance of steel to this kind of 
hydrogen provoked damage. 
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