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Fig. 1. Effect of alloying elements on delayed fail-
ure strength®.
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Table 1. Delayed fracture resistant high strength steels with UTS=1.5GPa.

Steel C Si Mn P S Ni Cr Mo other  Application Ref.
1 0.40 0.06 0.52 0.007 0.005 0.30 1.00 0.62 Ti=0.050 bolt - ®
2 0.29 0.95 0.54 0.010 0.025 — 1.99 050 V=020 bolt (12)
3 0.28 1.44 0.82 0.008 0.003 — — — Ca=0.0025 PC bar (13)
4 0.34 0.22 0.36 0.011 0.012 0.05 1.26 0.40 Nb=0.019 bolt (14)
5 0.33 <0.10 0.30 <0.015 <0.005 — 1.2 1.0 V =03 bolt (15)
6 0.53 0.27 0.45 0.009 0.005 — 1.05 0.30 Nb=0.024 spring (22)
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Fig. 2. Relation between C-contents and temperin,

temperature in high strength bainite steel®.
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Fig. 3. Effects of tensile strength and increasing
alloying additions on the degree of embrittle-
ment of Ni-Co-Mo-Ti-Al maraging steels®”
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Table 2. Classification of hydrogen traps in ferritic steels at 25°C32,

Type of Interaction Character Type of Interaction Character
Exemple energy Exemple energy
trap at RT trap at RT
kJ/mol kJ/mol
diffusion o 8 most two- particle
site reversible dimensional /matrix
t i f
atomic Ni (8) * T raps interface
t M 9
raps Cr (1(03 reversible TiC 77~87 irreversible
v (15) FesC 67~77 mixed
Ce (15) AIN 48~58 reversible
Nb (1 5) MnS - mixed
Ti 2 oxydes — mixed
,19 Egii ? grain 29~58 mixed
a b dari .

La (94) irreversible ouncaries
Nd (129) twin — reversible

uni- internal 67~96 mixed

dimensional dislocation 24~30 reversible surface
traps | 1. average | . three- cavity >29 mixed
triple >77 probably dimensional - -
grain irreversible traps particles - mixed
boundary

* the values in parentheses are calculated from the interaction energy meassured in Ti-H.
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Fig. 5. Schematic of the step-wise fracture process
occurring in 450°C and 250°C tempered con-
ditions®
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