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Effect of Hydrogen on Stainless Steel and Structural Steel
Using Electrochemical Charging Facility
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{Abstract)

The phenomenon of abnormal climate conditions resulting from greenhouse
gas-induced global warming is increasingly prevalent. To address this challenge, global
initiatives are underway to adopt environmentally friendly, zero-emission fuels. In this
study, we investigate the hydrogen embrittlement characteristics of materials used for
eco-friendly hydrogen storage systems. The effects of hydrogen embrittlement on
austenitic stainless steels of the FCC series and structural steel of the BCC series were
examined. Initially, test samples of three different steel types were prepared in 2t and
3t sizes, and hydrogen was injected into the specimens using an electrochemical
method over a 24-hour period. Subsequently, a universal material testing machine
(UTM) was employed to monitor changes in mechanical strength and elongation. The
FCC series stainless steels exhibited a tendency for elongation to decrease, indicating
low sensitivity to hydrogen. In contrast, the mechanical strength and elongation of the
BCC series steel changed significantly upon hydrogen charging, posing challenges for
prediction. The results of the present study are expected to serve as a fundamental
database for analyzing the impact of hydrogen embrittlement on both FCC and BCC
series steel materials.
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Table 1. Chemical compositions of tested materials

. Chemical composition (wt. %)
Material - -
C Si Mn P S Cr Ni Mo N Co Cu
SUS 316L | 0.019 | 049 1.28 | 0.029 | 0.003 | 16.65 | 10.07 | 2.05 | 0.068 | 0.22 0.27
SUS 304 | 0.018 0.40 0.77 0.033 | 0.005 | 18.11 8.07 0.14 0.070 0.21 0.33
SS 400 0.25 0.45 1.50 | 0.050 | 0.050 -
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Fig. 1 Photographs showing the shape and dimensions
of the samples used in the tensile test
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Fig. 2 (a) Test facility used for the hydrogen
charging of the tested materials: (b) SS400,
and (c) SUS 304 and SUS 316L
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Fig. 3 Photographs of the target materials
(a) before and (b) after the tensile test
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Fig. 4 Stress-strain curves comparing the results
of as-received and hydrogen charged testing
for SUS 316L stainless steel: (a) 2t and (b) 3t
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Fig. 5 Stress-strain curves comparing the results
of as-received and hydrogen charged testing
for SUS 304 stainless steel: (a) 2t and (b) 3t
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Fig. 6 Stress-strain curves comparing the results

of as-received and hydrogen charged testing
for SS400: (a) 2t and (b) 3t
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