766

$% & $8 Tetsuto-Hagané Vol. 90 (2004) No. 10

SO NENEBICRIFTKEOLE

Wz *

Effects of Hydrogen on Mechanical Behavior of Steels
Michihiko NAGUMO

Synopsis :

Main features of hydrogen effects on mechanical behavior of steels have been reviewed. While the effects on macroscopic tensile properties

are not definite, the increase in dislocation mobility by hydrogen appears as an enhanced stress relaxation the extent of which correlating with

the susceptibility to failure. Hydrogen enhances the creation of vacancies during plastic deformation. The extent is susceptible to microstruc-

tures of steels and correlates with the susceptibility to failure. Flow localization in the presence of hydrogen is substantial, leading to shear

instability. Characteristic fractographic features in hydrogen-related failure, such as striations, have been shown to originate in deformation

bands in which the density of defects is high. Prominent localization of void nucleation takes place at the advancing crack tip. Amorphization

has been observed in front of the crack and just below the fracture surface in a hydrogen-charged steel in accord with flow localization and

associated vacancy creation. Hydrogen remarkably reduces the fatigue resistance of steels, and, conversely, prior fatigue treatment increases

the susceptibility to delayed fracture. The mechanism has been ascribed to the creation of vacancies during fatigue and interactions between

vacancies and hydrogen. Further studies for assessing the susceptibility to hydrogen-related failure have been suggested to be based on the

accumulation of damage rather than hydrogen content.
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Fig. 1. Stress relaxation curves of a Mo-V martensitic
steels tempered at 550 and 650°C. The initial stress

was 0.6 of the tensile stress (1470 MPa). The dotted
lines are for the hydrogen-precharged specimens.’

Fig. 2. Schematic illustration of crack initiation along log-
arithmic spiral slip lines below a U-notch on bend-
o 23)
ing.
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Fig. 3. R-curves of a ferritic steel with/without hydrogen
precharging.”® O, ®: experimental data, A, A:
FEM calculation.

FLOMIERIOE S Iy e E N2

HEa, L LIZEMIC mode I KA Mb-72L BIZT &
Fe A 6 MM X T T B L E O U ROME A PHE 120K
Dd B, ERBEIZTA Y TLT, lum BEOMML S
DIFEF 5 BRLUE M E BT 5 & LT 5 2 HERIE

M TCnn, FRKERIMTIETA v I EBESIC
0.7 um FEEEIZPAIL L T %,

ZORRME, KENTAMEIZ L 5BUEAREN &
fieded 5 LM &, F DM E U T Hirth I3 autocatalytic
effect #IRE L T30, T4bb, HAWHFHFIZERL
12OV TR AR T AT 2 AT EAD AT A b
250, KrREICKFER L7220, RuEa &K
SHELD LTHMARTA IR EA6NSE, —7, K
4 FHRFET B TR ZORE THAMETE DR
NHIRENE 06, K4 FERIESICE 5 EMHENCE
AWEIZAEORENMEE END Z L1k D, KEOREH
A FEKICH B & ThE, BUAEOERIZESTLE
HELP % & 2 < T¥ &,

EHOHERITHES J BMAEOIMAE & L 7205 %&U{lx‘fé
P, RERTH 5, KEA RIS KIE TR
WTEEELPMERKRET = 74 M#IC OHT%NTH
58, YR EREHE O = i B T Fig 32 1R
Lt£5“ﬁ§ﬁm“‘oféwhﬁﬁhﬁﬁﬁ g 19
5, MREIZZOBRETH 5. RIBHIFERNYIZIT & W50
FEMEDIE T - EAEG S J R % & %T?h kv oh,
FHlHhR L T E 5, 0 - BAGOFHRIZIEARER
B (FEM) 22 250, KREAPPRINEED KRG RIZBY G-
THEFTNEZOMREED AhThiEhs 50, 20
FEIZ GusonET A b, THITHRERE X v
Va2 DFEREMCHRA PARBEZRD ANZEDTH S,
SERR I B AT ) O a0 & ML 22858 4 N IRRELE
L MRFHE S U TIEIRAE A & KO 2 RIB 2
AR 2 PR RGA ISR, RO 3 afiF ik & [ U

f%%ﬁ“’(“ﬁifﬂ‘% &, BPRARER E JRhR I &k < —BT
53‘ ZFig. 3SR L 22 ARFRIM O R iR & FBT 5

F+4b%%$%M%#ew%v%méﬁﬂ@$
ZZTCEMRtEOBETEE LD, K4 FOD
TFEIZ L > THZORRBEME T T2 & & 812, 2%%

L\ZX)

Fig. 4. Calculated distributions of nucleation void volume fractions ahead of a crack for the initial fractions of 2.0% (left: without
hydrogen-charging) and 3.5% (right: with hydrogen-precharging), respectively.?®
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Fig. 7. Increase in the hydrogen content in a Si-Mn
martensitic steel tempered at 250°C during immer-
sion in a 20% NH,SCN aqueous solution at
50°C.>7 O: without loadmg, A: preloaded to 0.8 of
the tensile strength, B: concurrent loaded/hydro-
gen-charged.
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Fig. 9. Etch pits formed along the traces of slip bands i in a
tensile-strained hydrogen-charged iron specimen.*
The slip bands extend to the striations on the frac-
ture surface.

L}

10. Fracture surface of a hydrogen -charged ferritic
steel used for Figs. 3-5.

Fig.

:i@ﬁ%%ﬁﬁi?ﬁ—xf%vbliyvaywﬁ
WA 5 EROMWHER £ ERIZMES 2 83T, TH
5, MBTFIEILDONE» 51T, ﬂﬁwwmmrugumﬁ
ERSREE TS ER L, FEHEERKTIEE25
NTE W Wbt bBIZ T80 AEEEOKEERI
FEEEh Tk, £/, KESEUERIAILF %K
TR TN LEREBESICT S E W) LT rm
7% F RGN A RIMIECCRED & RE w21 5 IFRRE
ﬁ&,«%m27v7ww%%11wéw Lol ik
WETEHR L TEEHHEZ I NORMBERY 55 Z

&g, ﬁ%#ﬁ@w%tffiam EETIEL T B,
PRI O KM A RO I BRI BN 2B A B
%o AUy 2 BT L AHERBIT R A 7 L — 2 4k
HBNVIFHEREAEF SO LDT, T4 MTEYLT Y
YA MHTEROND, BT EORMNE L
LD T A, Fig.10®™ 13 Fig. sOKERM 7 = 74 +
W THEBAZWTA Y TLOEBIIRON-ZEDTH

22

Fig. 11. Flaky fracture surface of a hydrogen-charged poly-

crystalline iron specimen.
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Fig. 13. Tensile properties of martensitic steels with different manganese content under concurrent hydrogen charging.* O: with-
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Fig. 14. Intergranular fracture surface of 0.5% Mn steel:
(a) before and (b) after chemical etching showing
the correspondence of tear patterns to martensite
lath structures.*
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Fig. 15. Increase in hydrogen-absorption capacity with

manganese content. Various amounts of pre- strain
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Fig. 16. Hydrogen absorption capacity of (a) Si-Cr steel

and (b) PC bar fatigued for various cycles.” Ar-
rows show hydrogen-content levels in the as-heat-
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