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Evaluation of hydrogen embrittlement resistance of stainless steel 3161. material

used at cryogenic temperatures
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Abstract: Hydrogen is currently attracting attention as a next-generation energy source. However, the phenomenon of hydrogen
embrittlement is the biggest problem related to hydrogen energy. In this study, the mechanical strength of stainless steel 316L
with hydrogen embrittlement (HE) conditions was analyzed. To establish an HE environment, a cathodic electrolytic method
was performed with hydrogen charging time (0, 24, and 48 h) as a parameter, and a tensile test was conducted at 25, -110,
and -195°C. Zinc plating was applied to prevent hydrogen from being released during the tensile test for mechanical strength
analysis. To analyze hydrogen charging of hydrogen-charged stainless steel 316L, a sample taken from the specimen was melt-
ed to release hydrogen gas. The experiment confirmed that different amounts of hydrogen were charged into the stainless steel
316L particles according to the hydrogen charging time, but the decrease in the mechanical strength based on the hydrogen
loading amount was very small. The study thus showed that stainless steel 316L exhibits resistance to hydrogen embrittlement
in a cryogenic environment.
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Table 2: Chemical composition of the solutions for hydrogen

charging
Charging Content
El Mark
solution it (g/L) ar|
NaCl 30
Solution 1 Large amount
NH4SCN 3 of hydrogen
Solution 2 NaOH 4 Small amount
of hydrogen

Table 3: Analysis of hydrogen charging amount

No deng“t;r(‘ﬁmz) Time(hour)
1 0 0
2 12
3 20 24
4 48

oA AR Yol ers] 2] A437@ A43(2019.5)

Figure 2: Appearance of hydrogen charging systems by
an electrochemical method
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Figure 3: Equipment for analysis of hydrogen charging

amount; (a) 3D Scanner for measuring cross-section of
specimen; (b) Potentiostat for electrochemical hydrogen

charging; (c)
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Table 4: Chemical composition of the solutions for hydrogen
charging

27 e Q27 31612

Solution Element Type Amount
Cd{BF4}, |Solution[(C)=50%]| 427g
) NH4BF,4 solute 48¢g
Cjolrl)llt?:)l:g H;BO, solute 21.6g
H,O(distilled) solvent 460ml
pH - 3t5
ZnCl, solute 45g
KCl solute 234g
H;BO, solute 21.6g
Zn plating Sodium
solution Dodecyl solute 0.5g
Sulfate
H,O(distilled) solvent 700ml
pH - 5t 6
Figure 4: Specimen after the plating process
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Table 5: Scenario for cryogenic and room temperature tensile test

Current . o Tensile speed
density(A/m?) Time(hour) | Temperature( C) (mm/min)
0 -195
20 24 -110 1

48 25
(a)
(b)
Figure 5: Universal testing machine with cryogenic

chamber;(a) Cryogenic extensometer and Cryogenic extension

meter installation in a cryogenic chamber;(b)
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Figure 6: Hydrogen charging amount of stainless steel 316L
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Table 7: Tensile test results of hydrogen-loaded stainless steel 316L

Temperature| Hydrogen Vield Ultimate Elongation
(C) ) strength strength %)
(MPa) (MPa)
25 0 550.9 696.8 55.0
25 24 5243 692.4 53.8
25 48 545.9 694.6 54.6
-110 0 670.9 1064.3 50.9
-110 24 642.3 1060.9 50.5
-110 48 667.9 1061.1 50.8
-195 0 675.7 1369.0 41.7
-195 24 651.2 1350.4 40.7
-195 48 668.3 1361.5 40.9

Figure 7: Mechanical performance at 25C tensile test

Fuld Ao} g sta x| A43A A45(2019.5)

Figure 8: Mechanical performance at —110C tensile test

Figure 9: Mechanical performance at —195C tensile test

Figure 10: Comparison of mechanical
relationship at each temperature

performance
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