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Effect of Mo Content and Heat Treatment Conditions on Hydrogen
Attack of Steel for Pressure Vessel

Hachiro OKADA

Synopsis:

It has been shown in previous paper that good toughness of 1/2Mo steel could be obtained when the rate
of cooling from the normalizing temperature was controlled to obtain a bainite content of 40% or more in
the microstructure and tempering was conducted at a temperature about 650°CY. In this paper,
metallurgical investigations were carried out relating to the deterioration in toughness caused by hydrogen
attack and the effect of the above-stated toughness improving conditions on this resistance.

Hydrogen attack is observed in 1/2Mo steels utilized in heat exchangers, pipes and their fittings which
were operated in a hydrogen environment below the safetylimitshown in the API Nelson chart revised in
1983. In recent years, therefore, the reexamination of the susceptibility to hydrogen attack of 1/2Mo steels
has been a matter of concern.

The effects of Mo content, microstructure and tempering temperature on hydrogen attack susceptibility
of steel for pressure vessel were investigated by the specimens exposed to hydrogen at 450 and 500° C under
150 kgf/cm? G.

From the test results, it was confirmed that the resistance to hydrogen attack was improved with increasing
Mo contents. In terms of the relationship between the resistance to hydrogen attack and the toughness
behavior of 1/2Mo steel, it was also confirmed that the hydrogen attack deterirated the toughness, but the

toughness—improving conditions of 1/2Mo steel mentioned above reduced hydrogen attack susceptibility.
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Table 1. Chemical composition of material tested (wt%).

C Si Mn P S Ni Cr Cu Mo Al N
0.15Mo 0.21 0.26 0.70 0. 007 0. 007 0.01 0.01 0.01 0.15 <0.005 0. 0088
0.50Mo 0.23 0.26 0.72 0. 007 0. 007 0.01 0 01 0.01 0.50 <0.005 0.0083
1.0Mo . 0.23 0.25 0.72 0.007 0. 008 0.01 ~  0.01 0.01 1.0 <0.005 0. 0098

HE#0 60 £ 10 AAXLEEALKICCHEE WM 60 4£ 12 B 28 A2 (Received Dec. 28, 1985)
* P EIE TR (BR) B % (Chiyoda Chemical Engineering & Construction Co., Ltd., Moriya-cho

Kanagawa-ku Yokohama 221)
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0.15%Mo 0.50% Mo
(Cooling rate=25°C/min) (9°C/min)
Photo. 1.
Table 2. Heat Treatment Conditions.
. Cooling rate .
gfnntzilfmg from normalizing Tempering
(EC) ure temperalure temlz(e:rature
Material (°C/min) <)
0.15%Mo 920 25 650
0. 50% Mo 920 9, 25 600, 650
1.0%Mo 920 25 600, 650
®
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(b) Impact Test
Fig. 1. Shapes of tension and impact test speci-

mens.
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Microstructures of materials normalized at 920°C and tempered at 650°C.
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Fig. 2. Tensile properties of 0.159 Mo steel
exposed to hydrogen at 450°C and 500°C for 300 h
under 150 kgf/cm?G.

Fig. 3. Changes in absorbed energy of 0.159,,
0.50% and 1.09% Mo steels as a function of
temperature of exposure to hydrogen for 300 h

0.15% Mo

Cooling rate : 25°C/min

for 300h under 150kgf/cm?2G.

0.50% Mo
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under 150 kgf/cm?2G.

1.0%Mo

Tempering temperature : 650°C (X 5h)
Photo. 2. Microstructures of 0.15%, 0.509% and 1.02;, Mo steels exposed to

hydrogen at

500°C
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Photo. 3 %, 500°C AZEHM i 31+ 5 0.15%Mo, 0.50
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SEM iz X h Bl LR Ths. 0.15%Mo o B
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MREE2ZDhD. I TR MHZERED XERE
iR 2O BB Fe & Mo BNk R%Y
RL7c Fig. 4 s, 650°C oL X Lickb, 1.04
Mo Rz s\ Tk Mo,G DA FIE I h, F1: 0.50

0.15% Mo 0.50% Mo 1.0%Mo

Cooling rate : 25°C/min

Tempering temperature : 650°C. (X 5h)

Hydrogen charging condition
Temperature : 500°C
Pressure : 150kg/cm2G
Time : 300h

Photo. 3. Fracture surfaces of impact test specimens of 0.15%, 0.509, and 1.09, Mo steels exposed

to hydrogen at 500°C for 300h under 150kgf/cm?G.
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Fig. 5. Changes in absorbed energy of 0.509,
Mo steel cooled from normalizing temperature of
920°C at a rate of 9°C/min and 25°C/min as a
function of exposuring temperature to hydrogen
for 300h under 150kgf/cm?G.
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Fig. 6. Changes in absorbed energy of 0.509,
and 1.09% Mo steels tempered at 600°C and 650°C
as a function of exposure to hydrogen for 300h
under 150kgf/cm?G.
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Fig. 7. Relation between changes in absorbed
energy and changes in B; echo height.
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Fig. 8. Relation between absorbed energy at 0°C
and volume fraction of bainite in 0.15~0.30%,C
and 0.50% Mo steels.
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