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The aim of this study was to investigate effects of microstructure control on hydrogen diffusivity, trap acti-
vation energy, and cracking behaviors of high-strength steel using a range of experimental techniques.
Results of this study showed that susceptibility to hydrogen induced cracking (HIC) was significantly associ-
ated with hydrogen diffusivity and trap activation energy, which were primarily influenced by the microstruc-
ture. On the other hand, microstructural modifications had no significant impact on electrochemical polarization
behavior on the surface at an early corrosion stage. To ensure high resistance to HIC of the steel, it is recom-
mended to increase the cooling rate during normalizing to avoid formation of banded pearlite in the microstruc-
ture. However, it is also essential to establish optimal heat treatment conditions to ensure that proportions of
bainite, retained austenite (RA), and martensite-austenite (MA) constituents are not too high. Additionally, post-
heat treatment at below A, temperature is desired to decompose locally distributed RA and MA constituents.
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EFFECT OF MICROSTRUCTURE CONTROL OF HIGH-STRENGTH STEEL ON HYDROGEN DIFFUSIVITY, TRAP ACTIVATION
ENERGY, AND CRACKING RESISTANCE IN SOUR ENVIRONMENTS
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Fig. 1. Microstructure observation of the samples using OM and FE-SEM: (a,b) AC, (¢) ACH, (d,e) OC, (f) OCH, (g,h) WC,

and (i) WCH
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Fig. 2. (a) Hydrogen desorption rate as a function of temperature and (b) an illustrative plot showing the relationship between
1/T, and In(®/T/?)
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Table 1. Activation energy values of the samples, which were calculated by Kissinger’s equation

Samples AC oC WwC ACH OCH WCH
Activation energy (kJ/mol) 35.36 21.22 20.05 19.85 22.01 23.98
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Fig. 3. Bar charts showing the (a) Hydrogen diffusivity and the (b) crack length ratio of the samples
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Fig. 4. Electrochemical potentiodynamic polarization curves
of the samples evaluated in a NACE-A solution
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