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Effect of Retained Austenite on the Hydrogen Permeation Behavior in High Strength Steels

Harushige Tsusakino and Hisashi Harapa

Synopsis :

The permeation behaviors of hydrogen in high strength steels with and without retained austenite were studied by

means of electrochemical method. The diffusivity obtained from the permeation curves was smaller and activation
energy was larger in steels with retained austenite than those without retained austenite. The hydrogen permeation
curves in steels without retained austenite agreed well with theoretical permeation curves, obtained from the assump-
tion of diffusion in homogeneous steel. However, the permeation behavior of hydrogen in steels with retained austenite
consisted of two permeation curves. The first curve indicated the permeation in ferrite phase and the second one was

that in ferrite and austenite phases or ferrite/austenite interfaces.

The apparent diffusivities decreased with the

amount of retained austenite but the diffusivities in the first stage agreed well with those without retained austenite

in the similar strength steel.
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Table 1. Chemical composition of steels (mass%).

Steel | C Si Mn P S Ni Cr | Mo | Ti Al N
A ]0.21 }<0.005 [<0.002 | <0.005 |<0.001 |<0.01 }<0.01| — — 10.002 | 0.002
B 0461197 | 0.05 | 0.004 {0.0043}0.29 | 1.00 | 0.6010.04710.029 }0.0036
C 10.44]0.06 | 0.50 | 0.005}0.0051]0.30 | 1.01] 0.60}0.053]0.032 }0.0042

Table 2. Heat treatment, tensile strength and retained austenite of steels.

Steel Heat treatment o g(MPa) Y %
A-3 1153 K X 1.8 ks —> F.C. 315 0
B-12 1153 K X 2.7ks > 0.Q. > 923 K X 5.4 ks —~ W.Q. 1195 0
B-12y | 1163 K X 2.7 ks = 698 K X 3.6 ks —~ 0.Q. 1210 26.3
B-14 1153 K X 2.7ks —~ 0.Q. ~ 873 K X 5.4 ks > W.Q. 1442 0
B-14y | 1153 K X 2.7 ks —> 648 K X 3.6ks — 0.Q. 1436 19.2
B-21y { 1163 K X 2.7 ks =~ 0.Q. 2191 5.3
C-14 11563 K X 2.7ks > 623 K X 0.9 ks — 0.Q. 1446 0
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Fig. 1. Schematic representation of hydrogen per-
meation apparatus and electric circuit of an
electrochemical method.
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Fig. 2. Schematic representation of cathodic and
permeation currents during build up and
decay processes.
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Fig. 3. Typical TEM micrographs of steel B-12+y.
(a)bright image, (b)dark image taken by using 200yspot, (c)SADP and (d)its key diagram.

Fig. 4. TEM micrograph of steel B-14y.
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Fig. 5. Hydrogen permeation curves of steel B-12
during build up and decay processes at 303 K.
(a) build up, (b) decay.
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Fig. 6. Hydrogen permeation curves of steel B-14 at
303 K.
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Fig. 7. Hydrogen permeation curves of steel B-12y
(a) and B-14y(b) at 303 K.
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Fig. 8. Relationships between apparent diffusivities
of hydrogen (D) and number of build up-
decay cycles.
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Fig. 9. Arrhenius plots of diffusivities of steels B-12
and B-12vy.
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Table 3. Activation energy for diffusion (Q) and
diffusion coefficient (D) at 303 K of hydro-

gen in steels,

evaluated. from electro-

chemical permeation method.

Steel Q(kJ/mol) D(m/s) at 303 K
A-3 5.4 7.0Xx 1010
B-12 14 1.5%X 1010
B-12y 45 1.3x 10
B-14 24 3.2xX10n
B-14y 33 1.9X 10
B-21y 38 2.7%X10
Cc-14 17 1.1%X 1070
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Fig. 12. Relationships between diffusivities and vol-
ume fraction of austenite.
O, @ : apparent diffusivities,
(], M : diffusivities obtained from Fig. 13.
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Fig. 13. Normalized permeation curves of stages I
andIlof steel B-12y shown in Fig. 7(a).
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Fig. 14. Schematic permeation model in a steel with
lamellar-like retained austenite, which is.
(a) parallel and (b) perpendicular to hydro-
gen permeation direction.
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