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Hydrogen Embrittlement of Ultra High Strength Low Alloy TRIP-aided Steels

Tomohiko HoJo, Sung-Moo SONG, Koh-ichi SUGIMOTO, Akihiko NAGASAKA, Shushi IKEDA, Hiroshi AKamizu and Masami MAYUZUMI

Synopsis : The amount of charged hydrogen and its effect on ductility in three kinds of ultra high strength low alloy TRIP-aided steels with different ma-
trix structure were investigated. These TRIP-aided steels, especially the TRIP-aided steels with bainitic ferrite matrix, were charged hydrogen
more than the conventional tempered martensitic steel. This was principally associated with retained austenite trapped so much hydrogen in
solute. Hydrogen embrittlement was considerably suppressed in the TRIP-aided steels, especially in the TRIP-aided steel with annealed
martensite matrix. It was considered that the scanty hydrogen embrittlement of the steel was caused by trapping of much hydrogen into re-
tained austenite, uniform fine structure, TRIP effect of retained austenite and appearance of quasi-dimple fracture.
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Table 1. Chemical composition (mass%) of steels used.

Steel C Si Mn P N Al 0 N
PF, BF, AM | 0.40 1.49 1.50 0.015 0.0012 0.045 0.0014 0.0021
M 0.14 0.19 1.69 0.010 0.0040 0.031 0.0020 0.0050
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Fig. 1. Hot and cold rolling process (a) and heat treatment diagram of (b) PF, (c¢) BF and (d) AM steels.
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Fig. 2. Scanning electron micrographs of (a) PF, (b) BF and (c) AM steels, in which “a,,” represents polygonal ferrite.

Table 2. Hydrogen charging conditions.

H,50, 4%/
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pH 1.3
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Fig. 3. Transmission electron micrographs of (a) BF and
(b) AM steels, in which “a,”, “a,,” and “y,” rep-
resent bainitic ferrite, annealed martensite and re-
tained austenite, respectively.

Table 3. Retained austenite characteristics and tensile
properties of steels used.

steel | T, | Cpo | VS | TS [ TEI
PF_[17.4 | 1.12 | 678 | 1026 | 46.0
BF | 8.7 | 1.31 | 990 | 1387 | 11.6
AM_[ 1378 | 1.23 | 750 | 1030 | 41.2
[ - - | 964 | 1046 | 9.3

oo (vol%): volume fraction of 7y, ¢,
(mass%) : carbon concentration of r . [fS
(MPa) : yield stress, 7S (MPa) : tensile strength,
TE/ (%) total elongation

He (ppm)

vt¢ (¥ min)

Fig. 4. Relation between hydrogen concentration (H.) and

charging time (#.) in PE, BF, AM and M steels.
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Fig. 5. Visualization of hydrogen site in (a) BF and (b)
AM steels.
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Fig. 6. Comparison of hydrogen evolution curve of PF, BF,
AM and M steels.
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Fig. 7. Variations in total elongation (TE!) as a function of
hydrogen concentration (H,) in PF, BF, AM and M
steels.
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Fig. 8. Change in flow curve of AM steels charged differ-
ent amount of hydrogen.
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Fig. 9. Scanning electron micrographs of fracture surface of BF and AM steels with hydrogen concentration of /H.=0, 5 or

10 ppm.
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Fig. 10. Fraction of fracture surface (F) as a function of
hydrogen concentration (H) in AM steel.
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Fig. 11. Variations in volume fraction of retained austenite
(f,) as a function of plastic strain (gp) in AM steel
chargcd hydrogen between 0 and 5 ppm, in which
k is strain-induced transfomation factor defined in
Eq. (2).
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Fig. 12. Illustration of quasi-dimple fracture in AM steel charged a large amount of hydrogen.
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