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Abstract: To reveal the effect of heat treatment on hydrogen induced cracking (HIC) susceptibility of S355 low-alloy high-
strength structural steel, four cooling modes, namely water cooling, oil cooling, air cooling and furnace cooling, were ad-
opted to conduct heat treatment on S355 steel at 1050 °C for 40 min. The hardness, strength, hydrogen permeation behavior
and HIC susceptibility of S355 steel under different cooling modes were investigated by hardness test, tensile test, hydrogen
permeation test and slow strain rate tensile (SSRT) test. The results show that the cooling rate significantly changes the mi-
crostructure of S355 steel. The microstructure of water-cooled specimen is mainly lath martensite, that of oil-cooled speci-
men is mainly lath bainite and granular bainite, and those of air-cooled and furnace-cooled specimens are ferrite + pearlite,

with the furnace-cooled microstructure being coarser. The hardness and tensile strength of the steel increase gradually with
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the increase of cooling rate. Hydrogen permeation test results indicate that the hydrogen diffusion coefficient decreases with
the increase of cooling rate; the hydrogen diffusion coefficient of water-cooled specimen is the minimum, while that of
furnace-cooled specimen is the maximum. SSRT test results demonstrate that the hydrogen embrittlement index of water-
cooled specimen is the highest, followed by oil-cooled and air-cooled specimens, and that of furnace-cooled specimen is the
lowest. The HIC susceptibility in descending order is water cooling, oil cooling, air cooling and furnace cooling. Martensite
and bainite microstructures can strongly trap hydrogen atoms due to high-density hydrogen traps, which significantly in-
creases the risk of hydrogen embrittlement and cracking. In contrast, ferrite + pearlite microstructure has fewer hydrogen

traps and faster hydrogen diffusion, exhibiting better resistance to HIC. The research results provide data support for the heat

treatment process optimization and safe service of S355 steel in hydrogen-containing environments.
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Fig. 1 Heat treatment processes for S355 steel
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Table 1 Chemical composition of S355 steel (wt. % )

C Si Mn P S Cr
0.129 0.396 1.169 0.018 0.002 0.422
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Fig.3 Schematic diagram of hydrogen diffusion in the double electro-

Iytic cell device
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Fig. 4 Microstructure of S355 steel with different heat treatment processes and CCT diagram
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Table 2 Tensile properties before and after hydrogen charging
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Fig. 8 Hydrogen diffusion curves of different cooling processes
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Table 3 Hydrogen diffusion parameters
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L aREs 1.21x107° 1.24x107° 1.02x107 3.58x1072 3.59x107 3.22x107
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