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Effects of Cold Working Prior to Aging on Hydrogen-induced
Cracking of 18Ni Maraging Steel

Yoshio Sumitromo, Ei-ichi FURUBAYASHI, and Morihiko NAKAMURA

Synopsis:

Sustained load tensile testing has been made while under cathodic charging with hydrogen using

notched sheet specimens of an 189 Ni maraging steel.

Two kinds of specimens as to the way of

processing prior to aging have been prepared; R-specimens which were cold rolled after solution treat-

ment, and S-specimens undeformed after solution treatment.
ristic delayed failure, accompanied with subcritical intergranular fracture surfaces.

Aged S-specimens have shown characte-
No. fracture has

been observed below a stress called the lower critical stress, at which the local concentration stress at
notch roots is found to be identical to the yield stress of the specimens.

Cold rolling prior to aging has resulted in great suppression of hydrogen induced intergranular crack-
ing, and the fracture lives are increased even by 70 times with rolling reductions up to 30%. The
effect, however, is being saturated in the heavier reduction of 809, where the delaminations along
rolling planes have been observed. From fractographic evidence, apparent Kc has been found to de-
crease greatly in S-specimens during the testing, but not remarkably in R-specimens.

No delayed failure has been observed in 809 -rolled R-specimens when the age-hardening is confined
within the strength level of conventionally treated (i.e. non-deformed and peak-aged) S-specimens.
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Table 1. Chemical Composition. (wt%)

Ni Co Mo Al C N S B Fe

17.78 8.67 4.99 0.14 0.002 0.004 0.005 0.0001 Bal.

WF157 47 A 6 A% (Received July 6, 1982)

* SBEMEENFER (B: k& BI¥ (%) T (National Research Institute for Metals, Now Sumi-

tomo Metal Industries, Ltd.)

2 SEAMRHRINI RS It% (Tsukuba Laboratories, National Research Institute for Metals,

1-2-1 Sengen Sakuramura Niihari-gun 305)
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ST : solution treatment, WQ : water quenching, A : aging,
and CR : cold rolling.

Fig. 1. Processing patterns for the S-specimen
(a) and R-specimen (b).
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Fig. 2. Geometry of notch tensile specimen.
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Fig. 3. Relation between applied initial stress and
time to fracture in sustained load test during hy-
drogen charging. Aging temperature : 400°C.
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Fig. 4. Relation between applied initial stress and
time to fracture in sustained load test during hyd-
rogen charging. Aging temperature : 480°C.

Dotted line in the right shows a result of compen-
sation of specimen thickness reduction due to cor-

rosion.
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Table 2. Strength Properties of Smooth or Notched Specimens in Air.
. . .. Tensile :
. Reduction of Aging condition 0.2% proof Total Notch tensile Notch strength
?r}l)sg;{men rolling prior - - stress ag.2 s;rength elongation strength ratio
to aging Aging state  Temp.-Time (kgf/mm?2) TS 2 (%) onrs(kgf/mm?)  onts/o1s
(kgf/mm?)
SO 0% — — — — — 110 -—
S 400 0% Peak 400°C-100h 168 174 5.2 198 1.14
S 480 0% Peak 480°C-8h 148 156 5.6 175 1.12
S 520 0% Peak 520°C-1.8h 136 145 7.6 170 1.17
RO 80% - - 115 121 5.2 136 1.13
R 400 80% Peak 400°C-100h 197 200 2.4 221 1.11
R 480 80% Peak 480°C-3h 170 171 2.6 197 1.15
R 520 80% Peak 520°C-1h 163 167 5.7 187 1.12
R 400-2 80% Under 400°C-2h 161 163 2.6 175 1.07
R 520-50 80% Over 520°C-50h 137 152 11.6 168 1.10
10R 480 10% Peak 480°C-7h — — — 177 —
30R 480 30% Peak 480°C-5.5h — — — 182 -
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Fig. 5. Relation between applied initial stress and
time to fracture in sustained load test during hy-
drogen charging. Aging temperature : 520°C.
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Table 3. Characteristic Strength Values in Sustained Load Tensile Testing While Under

Cathodic Hydrogen Charging.

Upper critical stress, ogcs(kgf/mm?)

Lower critical stress, op,gg or ¢ (kgf/mm?)

Time to fracture at stress

Specimen i
oycs oycs/00.2 aLcs o(2000)*  Fraction to do.2 0.60nzs, £ (0.6ox1s) (minute)
S 400 -— 15 0.09 2.6
S 480 — 28 0.19 6.8
S 520 — 30 0.22 15
R0 — o — 129 1.12 > 100+
R 400 154 0.78 — 82> 0.42> 420%%
R 480 171 1.0 804 an 0.47(0.45) 650
R 520 157 0.96 — 112 0.69 2100
R 400-2 — — 160 0.99 > 1500%*
R 520-50 — — 168 1.23 > 1300%*
10R 480 >160 —_ — 44 — 170
30R 480 >163 — — 100>, >76 — 500

* : Stress level of fracture at life of 2000 min.
#% : No delayed failure was observed up to the times indicated.

# : Estimated value by compensation of specimen thickness reduction due to corrosion.

}Notch root (NR) (a) S400

‘NR{.

02mm (b) R400
Photo. 1. Typical scanning electron micrographs

of the whole fracture surfaces; (a) specimen
S400 (at stress level 0.78 oyrs), and (b) spe-
cimen R400 (at stress level 0.92 gn1s). FG means
fracture surfaces due to fast crack growth after
the unstable condition has attained.
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Photo. 2. Scanning electron fractographs of spe-
cimen S480; (a) intergranular (IG) fracture
near the notch root (NR), (c¢) dimple fracture
due to micro-void coalescence in the middle (FG
in Photo. 1(a)) of fracture surface, and (b)

qeasi-cleavage fracture mixed with IG and dim-
ple patterns in a transient area between (a) and

(¢).
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Photo. 3. Scanning electron fractographs of spe-
cimen R520. (a) deep separation (or delamina-
tions) are seen near NR and (b) dimple pattern
is observed in the middle area of fracture surfaces
(corresponding to FG in Photo. 1 (b)).

O FG wHEED) Tl 4+ v ABE (¢), FoOh
Mg~ %G (b)) ARBK. @B LAEHLT
W5 X5, BEEHEE O S 400 oA MR 7 (2 )
DOWHELAERED TH D, £ 2T (b) I3 5 s
Rt

Photo. 3 13 R520 ofmAR L, (a)idd)h kXK
fED AV~ 3 VOBETHEL., L — g v
AV =Y VIR T RICHFHI B2 5otk L
Th b e, ERFETRADNEANIEIT + v
PO BHEETHS. (b) ikH#kif (Photo. 1(b) o
FG fimpictliY) oF 4 vAABEYTRT. 20—
a ik 150430 ¢ D3RG %0 CEER 1T
WAL A TWBH, RHEERORE CI1L, Buvesr—
Va VEUINCEEOBMIce v —v g v (3 =ERn b
W) A bR, TOVBHRERL 4 T, ZHE
IEFTD ¢ KiE 80% EIEL7cROEXc—3% 1L, i 7
RARENEZZ BDRD,  =ERTEV L — 5 v
DREELTOARVRARPRTICLEADIhS, £ r—
a V7% {100} oD~ XBHIC & 5 &35 —ipy 7c B 11
PlEoFERSFH LIV, Floctev—v 4 VAT &
Ao E AT Ty MR FEET5 = & 3 {100}
EHHEBMETE L. D LAKMAE ho—fEMmes ¢
Hb, SCG EhofE L L bt HHB S ame
IOoTHB LD THAS. '

TSV — Y g NEREEERD 30% LI Ci ke
T, —HEER 80% TIXRERh D H L A LTI h hs
bHOTRA L. Ll 80% FEIEM T KA FDER
BB T34 Ule s ot T, KER Lo TRAENEH
TNz LIXFERTHS.

3.5 BYRGOEE

U — 7 = — OB BB ER S AR 3 0 X

t2 L —v et SCC SNOPELTHLLRETZC LIS S
2%, SCG 3N HO>ARMEIN TV BEHEER SCG s hoskh
WTREL, 3h2oE: dRBELITE2YES.

o, 10 100 1000 (min)
U 1 T T
200 N
o FEETmmaa_ R0
E 1o \\ R A R 1
Ay
e A
£ \ ]\\A A
o \ O\ BN\
¢ 100[- \ AN 1
= \ AN
& N o s
A
3 \ 10R480 \Q
3 Sor 5480 \ '
2 N
0 i 1 . s 1 . N ! s 2
75 2 5 10 20 50 100 200 500 10002000 S000

Time to Fracture (min)

Fig. 6. Relation between applied initial stress and
time to fracture in sustained load test during hy-
drogen charging. Effects of rolling reduction prior
to aging at 480°C are shown.
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Fig. 7. Change in notch tensile strength, oyxts,
delayed fracture strength at fracture life of 2000
min, ¢ (2000), and average fracture life at stress
of 0.6 gnts, t(0.6 onrs) with reduction of ro-
lling in peak-aged specimens, aging temperature
being 480°C.
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Fig. 8. Effects of the charging time (i. e. time to

fracture) on apparent K¢ estimated from fracto-

graphy in sustained load testing.
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Fig. 9. The strength reversal phenomenon under
hydrogen charging condition as a function of
notch tensile strength in air.
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