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Martensitic high-strength steels revealed superior mechanical properties of high tensile strength exceeding
1000 Mpa, and have been applied in a variety of industries. When the steels are exposed to corrosive
environments, however, they are susceptible to hydrogen embrittlement (HE), resulting in catastrophic
cracking failure. To improve resistance to HE, it is crucial to obtain significant insight into the exact
physical nature associated with hydrogen diffusion behavior in the steel. For martensitic steels, tempering

condition should be adjusted carefully to improve toughness.

The tempering process involves

microstructural modifications, that provide changes in hydrogen diffusion/trapping behavior in the steels.
From this perspective, this study examined the relationship between tempering condition and hydrogen
diffusion behavior in the steels. Results based on glycerin measurements and hydrogen permeation
evaluations indicated that hydrogen diffusion/trapping behavior was strongly affected by the characteristics
of precipitates, as well as by metallurgical defects such as dislocation. Tempering condition should
be adjusted properly by considering required mechanical properties and resistance to HE.
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EFFECT OF TEMPERING CONDITION ON HYDROGEN DIFFUSION BEHAVIOR OF MARTENSITIC HIGH-STRENGTH STEEL
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Fig. 1 Electrochemical cell used for hydrogen charging to the
specimen.
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Fig. 2 Experimental procedure for measuring the diffusible hydrogen content in pre-charged specimen.
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Fig. 3 Electrochemical hydrogen permeation test equipment [17].
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Fig. 4 Microstructure observation after (a) rolling, (b) quenching, (¢) quenching and tempering at 200 °C (QTy), (d) quenching and

tempering at 600 °C (QT).
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Fig. 5 (a) TEM images showing carbie particles distributed in
QT;, and (b) EBSD phase colored map of QT; (Color in phase
map: Red-Ferrite; Yellow green-Fe,,C [19].
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Fig. 6 TEM images showing carbide particles distributed in QT>.
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Fig. 7 Diffusible hydrogen contents measured by glycerin method.
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Table 1 Hydrogen permeation parameters of four tested specimens (R: Rolled, Q: Quenched, QT;: Quenched and tempered at 200 °C,

and QT,: Quenched and tempered at 600 °C)

Doapp (m?/s)

JL (mol/m-s) Capp (mol/m?)

R 2.095 x 107
Q 1.037 x 101
QT, 1.255 x 1071
QT, 3.245 x 10

1.572 x 107 7.5036
9.432 x 107" 9.0955
8.482 x 107" 6.7586
1.726 x 10° 5.319
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Fig. 8 (a) Hydrogen permeation curves of four tested specimens:
R, Q, QT1, and QT2, and (b) Rising transients of the permeation
curves.
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