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Synopsis:

Void growth caused by hydrogen attack was measured as to the specimens of 2!/,Cr-1Mo and 3Cr-1Mo
steels with various amounts of impurity elements exposed to hydrogen of 300 kgf/cm? at temperatures from

600 to 550°C.

on void nucleation.

It was confirmed that impurity elements such as P and Sn have strong effects especially
Microanalysis suggested that the nucleation sites were both carbides and MnS in a

Sn-bearing steel, while the nucleation at carbides was suppressed in a P-bearing steel. The data on the
void growth were extrapolated to lower temperatures at various hydrogen pressures by using the equation
led by CnuanG et al. for non-equilibrium void growth. Constants in the equation were determined so

that the calculated results fitted the observed data.

The extrapolation gave hydrogen attack limit as de-

fined by the conditions in which total void section per unit area of grain boundary attained 5 per cent at
10° h. The limit conditions for 21/,Cr-1Mo and 3Cr-1Mo steels were affected and reversed by impurity

elements.
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Table 1. Chemical composition of tested steels. (wt2)

Steel o} Si Mn P S Cr Mo Al Sn As Sb
P (2.25) 0.14 0.27 0. 50 0. 009 0.010 2.21 1.00 0. 021 <0.002 <0.003 <0.002
Sn (2, 25) 0.15 0.27 0. 40 0. 003 0. 008 2.22 0,97 0,035 0.014 <0.003 <0, 002
X (2.25) 0,14 0.25 0. 49 0. 009 0,016 2.20 0,99 0,022 0. 008 0. 007 0, 010
P (3) 0.13 0.25 0.50 0.010 0. 008 2.98 0,97 0, 015 <0.002 <0.003 <0.002
2(3) 0.15 0. 27 0. 49 0. 015 0.010 2.8 0,99 0,032 0.015 0.016 0,014
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Fig. 1. Observed and calculated void growth in
P(2.25) steel.
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Fig. 2. Observed and calculated void growth
in various steels.
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Fig. 3. Void area fraction on grain boundary
estimated by void diameter in Figs. 1 and 2,
and void density (the number of void per unit
area of grain boundary).
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a) P(2.25), 700 h exposure,
c¢) P(3), 500h exposure,
Photo. 1.
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b) Sn(2.25), 300h exposure,
d) ¥(3), 500 h exposure

Difference in grain boundary void morphology among steels.

Hydrogen condition is 600°C and 300 kgf/cm?2.
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a) MnS

b) Mo-rich carbide

Photo. 2. Void nucleation sites and their EDX spectra compared with matrix spectra.
Specimen : Sn(2.25). Exposure condition : 565°C, 300 kgf/cm?, 200 h.
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Fig. 4. Corelation between methane pressure
and hydrogen pressure.
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Fig. 5. F(d) in equation 4 which shows the

influence of d (void radius to half void spacing
ratio) on void growth rate.

Table 2. Constants used in calculations.

Steel Void dens. | Carbon Diffusion coeff.
p (pm~2) activity, ac | factor D(T) (m?/s)
P (2.25) 0, 008 0.1 3x10%exp (—31000/T)
Sn (2. 25) 0.05 0.038 3x107% exp (—31000/T)
P(3) 0. 001 0.2 3x10~? exp (—31000/T)
3(3) 0.03 0.018 3x10-%exp (—31000/T)
dr

ﬁ_:AxFKd)xD(T)xP%&(TM%,ﬂh)
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0.1<d<1.0 T# 0.5 TH%. Pcu, 1 600°C D
2100 kgf/em? T h (Fig. 4), 0B P i3y 1.4x
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Fig. 6. Comparison between two equations for
equilibrium and non-equilibrium void growth.
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Fig. 7. Exposure time which causes the same
damage or total void section per unit area of
grain boundary §(%) at hydrogen condition of
300 kgf/cm? and T°C.
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a : 21/4Cr-1Mo steels, b : 3Cr-1Mo steels
Fig. 8. Hydrogen attack limit as defined by the
hydrogen condition in which the total void section
S attains 5 per cent at 105 h,
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