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Increased Susceptibility of 13Ni-15Co-10Mo Maraging Steel to Hydrogen
Embrittlement by Aging at Lower Temperatures |

Yoshikuni KXAWABE, Masatoshi FUKAMACHI, Seiichi MUNEKI, and Junji TAKAHASHI

Synopsis:

The effect of aging condition on susceptibility to hydrogen embrittlement (SHE) has been investigated
by means of tensile tests in vacuum and hydrogen gas for 13Ni-15Co-10Mo maraging steel. The SHE
was correlated with the microstructural change as a result of aging. Tensile properties in vacuum were
dependent upon the strength level alone, while those in hydrogen were dependent upon both the strength
level and aged structure. When aged at temperatures below 475°C and the precipitates were smaller
than 404, the SHE increased greatly. The increased SHE was considerably reduced by the introduction
of small amounts of the precipitates larger than 40A. Therefore, the abrupt decrease in SHE during
aging is considered to be consistent with the microstructure containing a critical amount of the precipitates
larger than 40A. The major increase in SHE in the low—temperature—aging condition may be associated
with the accelerated transport of hydrogen by dislocation and the increased adsorption of hydrogen at the

metal surface.

1. #

TR SR O KR LS R K EES B R T LK
X< nd., Larl, =a=— UHOKEM TR L
Rez & ZhiRERIT RS EhIREET X v HE 2BV
vk BT KEMALEZ ML F L BT BEnd
52V, EFE LILEERY T 13Ni-15Co-10Mo Z$DKZR
M LR & Bt L OBREREL, 1) & LT,
475°C LI F DBIE O REER AR R Z Uiz & 2KEK
Wbz pnmine, 2) Larl, Zhbo REhRE T
LI ERAIRE & TR S EAKERBIEERZ X E T
L, 3) %7, 500°C [l EoBZHEE T ANEEREIR
BECH KEMALRZHIHEIM Ly, & x#bricl
fo.

ol BN A UB&Y 18NI R~ b= — D8
EROLTT TR AR IR TWAY., & © Blg i3 KRN
L ERAT REAER 2 Big b e, (KRAKRE) w XoT

il

t EBRRRIWTROMSRET L ReS~BRBRE L EfTT 5.
BHEEC»HD LT, 2REFNOREB2ARTLEME, RENE, B
S RIRAR & R 5.

Mo rich zone 7 & DEREMANBAEFESE L THBT
5 &% KERCRSZEN TS & RSB ShTx
729D,

L, BF, fik®bick b I8Ni <= — U
DR ZBBRTRRE R X ST AENCIIR—TH D &
W EZ ARRI N, Eh EE LY 13Ni-15C0-10
Mo ZoREBEL*EBRELYAVCTRIFE L, WThok
SR B\ T HHTHRER 2 B C#ITT 5 & & 2
e, Lo T, #EROBHBO X 5 i EREOAHN
W L 24T CRERERZ R EL b &
WEEZCEEND D Z LDk, £2T, AR
Lo hE COERERELRACHN L, FomEER
BT\, B X O CKEMICEZ N EETHHEAN
E 55 B ERIST B DN, X LIt KEMRLE
Z % EoBROE X v KIRFER) CRAZ N S
MEEER L.

2. HABBRURBTE

HeRAM D LB % Table 1 IR L. AgliL 3-1
& 3.2 ffi, BEiX 3-4 HoRBRHV. Zhbofk

WEAl 58 £ 4 BALSEBEKRLTTHRE BM 58 £9 A5 HZMH (Received Sep. 5, 1983)

* SRR AEEA T (Tsukuba Laboratories, National Research Institute for Metals,
1-2-1 Sengen Sakuramura Niihari-gun Ibaraki pref. 305)

*2 ARMEBEGHET T (National Research Institute for Metals)

*3 S REMREMTRFTANE T (Tsukuba Laboratories, National Research Institute for Metals)

— 130 —



13Ni-15C0-10Mo Fi= A = — SO ERE I X 5 K KWk &2 ¥ OB n 897

Table 1. Chemical composition of steels used (wt%).
Steel C Si Mn P s Ni Co Mo Al Ti N o
A 0.003 0. 005 0. 002 0.002 0.003  12.85 14.98 9. 89 0.039 0.20 0.0023  0.0015
B 0.003 0. 009 0.011 0.003 <0.005  12.93 15.08 9. 96 0.073 0.27 — -
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Fig. 1. Dimension of test specimens.
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Fig. 2. Relationship between tensile strength and
reduction of area in vacuum and hydrogen. Spec-
imens are aged in various conditions.
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Fig. 3. Effect of hydrogen gas pressure on notch
tensile strength for specimens aged in various
conditions.
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Fig. 4. Effect of hydrogen gas pressure on em-
brittlement index for specimens aged in various
conditions.
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Fig. 5. Relationships between tensile strength and
notch tensile strength in vacuum and hydrogen.
Specimens are aged in various conditions.
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Photo. 1. Fracture surfaces of notch tensile specimens tested in 2.2 Torr hydrogen.
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Fig. 7. Relationship between mean particle size
and embrittlement index for specimens aged at
three temperatures. Aging time (min)is shown on
the upside of the symbols.
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Fig. 8. Effect of crosshead speed on tensile prop-
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Fig. 9. Effect of crosshead speed on tensile prop-
erties in air.  Specimens are aged at 500°C for
500 min.
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