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Effect of Cementite Distribution in Low Carbon Steel on Hydrogen Attack

Shigeo NOMURA and Masayoshi HAasecawa

Synopsis:

Hydrogen attack of low carbon steels with 0.003~0.15%C heated at 380°C. in 200 atm hydrogen was
investigated with reference to the change of distribution of FeyC carbide in the steel. The susceptibility of
the steels with carbides precipitated continuously at grain boundary to hydrogen attack was larger than
the steels with carbides precipitated dispersively in the matrix. Many voids and micro-cracks were
observed at the hydrogen—attacked intergranular fracture surface with a scanning electron microscope.
The gas evolved from the hydrogen-attacked fracture surface consisted of H, and CH, by gas chromato-
graphy. Non-diffusible molecular hydrogen and methane which couldn’t be removed with the dehydro-
genation at 250°C for 3 hr in vacuum, increased with increase of carbon con tent and internal defects.
It is suggested from these results that hydrogen attack is caused with the voids which are produced with

molecular hydrogen or methane trapped at grain boundary carbide.
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Table . Chemical composition of specimens (wt%).

¢! si Mol P s | oal
0.003, 0.01 | 0.07 | 0.001 0.008 0.015
0.011 . 0.11 | 0.18 | 0.001 . 0.006 | 0.018
0.05 . 0.09 | 0.19 | 0.00l = 0.006  0.025
015 | 010 | 0.21 | 0.001 ' 0.007 | 0.020

900°C T #F —A7 F 4 Mbags 10hr 3L LA
BhAvi., ZhoofEMX o, FTiEmss 6x2
mmT, EEFEH 28 mm DIRIKIEEHERK, B XU 45
(£) x3.5 () ¥3.5mm (&) <, 1.5mmV  +FD
RUNEEREB A T L, X% 300°C X 1hr O
S BRI T o7

BIEEEKENEIE, ZHETHSED LRk
F— b v—TE M, KEE 200 [E, BE 380°C
O —ELHKFT TMEMFRMZ LS/, Lo
7o, A& TTo7 v dEELERRA LA A —F

£ 50 —i .
E cloi5laos|oon
o inHyl O a |l
= 40 ini|® | Aa|m .
%
a
52 30+
S : T 0.15%C—— 2o
S 20 - o a
% o O——8—00N%C__qo
> ot A0 05%C—A_
0 s 1 . PR ST S N 3
-]
—~ 40}
£ A
£ 6l ' ——0.15%C——0—}
g p— |——O0N%C_§_
@ L
P 20
= A A ———005%:0—0—]
10+
O+ 4 1 i
L n‘ a
03 OO ——a—oo0n%c._ °®
3 .011%
$ a =
305 a
o
s | )
520} 0.15%
5 005%C
“iol %
S [}
L — 1 1 PO S S ——
0 30 100 300

Holding time in hydrogsn or argon (hy)
Fig. 1. Change of tensile properties of low carbon
steels quenched after heating at 900°C for
30 min and annealing at 600°C for lhr and
then heated at 380°C in 200 atm hydrogen
or argon.
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Fig. 2. Change of tensile properties of low carbon
steels air-cooled after heating at 900°C for

30 min and then heated at 380°C in 200
atm hydrogen or argon.
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Photo. 1. Microstructures of 0.15%C(a, b) and 0.05%C(c, d) steels.
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Fig. 3. Effect of grain size on hydrogen attack of
low carbon steels heated at 380°C in 200
atm hydrogen.
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Fig. 4. Transition curves of 0.059,C steels before
and after heating at 380°C in 200atm
hydrogen.

-<9-a-®- Quenched-annealed
o0~ Alr-cooled

Charpy shelf energy (kgm)

o 10 30 100 300
Holding time in hydrogen (hr)

Fig. 5. Change of shelf energy of low carbon steels
heated at 380°C in 200atm hydrogen.
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Photo. 2. Microstructures of air-cooled 0.159,C steel heated at 380°C in 200atm hydrogen
for 20hr (a) and 70hr (b). Etched with nital.
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Photo. 3. Tensile fracture surface of quenched and
annealed 0.01124C steel heated at 380°C
in 200atm hydrogen for 3Q0hr.
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Photo. 4. Tensile fracture surfaces of 0.059%C steels heated at 380°C in 200atm hydrogen
for 20hr (c), 50hr (a,d) and 70hr (b).

steel heated at 380°C in 200atm hydrogen
for 70hr.
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Photo. 6. Tensile fracture surfaces of 0'\.15'%C.steels heated at 380°C in 200atm hydrogen
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a), b) air-cooled steels
¢ ) quenched and annealed steel

for Ohr (a), 100hr (b) and 300hr (c).
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Photo. 7. Hydrogen-attacked tensile fracture surface
of 0.059,C steel (a) and microstructure of
0.1594C steel (b) after reheating at 900°C
for 30 min.
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Fig. 6. Change of carbon content at the surface of
low carbon steels heated at 380°C in 200
atm hydrogen.
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Fig. 7. Chromatogram of gas evolved from fracture
surface of air-cooled 0.159,C steel heated
at 380°C in 200atm hydrogen for 100hr.
The gas was evolved at 400°C for 20hr in
diminished pressure Ar.
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Table 2. Total and residual hydrogen content of low carbon steels heated at 380°C in 200 atm hydrogen
for 20hr and 70hr with and without dehydrogenation at 250°C for 3hr in vacuum.

C Heated in hydrogen for 20hr Heated in hydrogen for 70hr4'7
arbon cont. | y..: treatment - '
(wtos) : Total H cont. Residual H cont.| Total H cont. Residual H cont.
iwithout deH. (ppm)| with deH. (ppm)|without deH. (ppm)| with deH. (ppm)
[
0.15 Quenched-annealed 84 44 132 108
. Air-cooled 200 160 150 123
0.05 Quenched-annealed 70 20 90 60
: Air-cooled 91 21 70 40
0.011 Air-cooled 21 10 23 2
Hydrogen was extracted at 900°C for lhr by micro-Orsat method.
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. 8. Relation between hydrogen content and pct.
of hydrogen attack of low carbon steels heat-
ed at 380°C in 200atm hydrogen.
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