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Hydrogen embrittlement of high strength martensitic stainless steels
Hiroki lkeda

Abstract: Hydrogen embrittlement of martensitic stainless steels was investigated to understand the effect of structure and

their corrosion resistances. All materials used in this work were adjusted their strength around 1200-1400MPa.

The resistance to hydrogen embrittlement of martensitic stainless steels was good in SUS6300 17-4PHO , moder-
ate in SUS410 and poor in SUS420J2. The reasons for the difference between SUS630 and SUS420J2 are effects
of the differences of their corrosion resistance, distribution of carbides, and the critical concentration of hydrogen to

induce hydrogen embrittlement.

The methods to improve the resistance to hydrogen embrittlement of martensitic stainless steels are to increase

the critical concentration of hydrogen by using precipitation hardening, reduce carbides levels by decreasing car-

bon content or heat treatment, and increase their corrosion resistance.
Keywords:Hydrogen embrittlement, martensitic stainless steels, SUS410, SUS420J2 and SUS630
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Tablel. Chemical Compositions of materials
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used in this study] mass%[ NO ppm0O

Type C Si Mn P S Ni Cr Cu Nb N
SuUS410 0.125 0.20 0.79 0.028 0.017 0.25 11.82 0.09 0 394
SuUS420J2  0.273 0.28 0.43 0.028 0.014 0.24 12.08 0.09 0 236
SUS630 0.050 0.25 0.85 0.018 0.002 4.60 15.75 3.30 0.30 198

Vacuum melting

Forging
to 30mm dia. bar
1373K
SUS4100 42032 SUS630
Annealing
1143K
\
Quenching Solution treatment
1223K for 30mind O.Q. 1323K for 30 minO W.Q.
SUS410 i L SUS420J2 SUS630
Tempering Tempering Precipitation hardening
473K for 1hO A.C. 798K for 1hO A.C. 753K for 1hO A.C.
Machining
Specimens

Fig.1. Specimen
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Fig.2. Dimensions of specimens for SSRT.O Unitd mmO
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Fig.3. SSRT system.
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Fig.4. Microstructures of materials used in this study.
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Fig.5. Examples of SSRT results of SUS630 for vari-
ous charging times.
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Fig.6. Effect of pre-charging time on ductility under
continuous charging during SSRT.

Table2. Results of estimates from the photographs of materials.

Mean grain Area fraction No. of carbides mean area of Retained

size of carbides per unit area a carbide austenite
Um0 ooad 00 /mmz20 O mm2d oo
SuUS410 18.2 4.68 69848 0.31x 10°7 1.83
SuUS420J32 15.5 19.42 185685 1.99x 10°7 0.22
SUS630 35.6 0.58 13140 0.03x 10°7 5.50
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Fig.7. Effect of pre-charging time on ductility without
charging during SSRT.

Table3. Results of the measurements of corrosion potentials.

Material Corrosion potentialll mV vs KCIO
SUS410 0 0.266

SUS420J2 00 0.465
SUS630 0 0.034
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Fig.8. Change of the reduction of area at different condition.
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Fig.9. SEM photographs of fracture surfaces of each materials after SSRT with 1hour pre-charged and continuous charging during SSRT.
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Fig.10. Results of hydrogen content measurements
for pre-charged specimens.
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Fig.11. Relationship between area fraction of carbides
and hydrogen content after pre-charging.
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Fig.12. Relationship between reduction of area in SSRT
and hydrogen content after pre-charging.
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Fig.13. Schematic models of mechanisms of hydrogen embrittlement.
(Gray tone shows degree of H amount)
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