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One of the biggest issues in the hydrogen economy is “hydrogen embrittlement” of metal induced by hydrogen
entering and diffusing into the material. Hydrogen diffusion in metallic materials is difficult to grasp owing to the non-
uniform compositions and structures of metal. Here a time-resolved “operando hydrogen microscope” was used to
interpret local diffusion behaviour of hydrogen in the microstructure of a stainless steel with austenite and martensite
structures. The martensite/austenite ratios differed in each local region of the sample. The path of hydrogen permeation
was inferred from the time evolution of hydrogen permeation in several regions. We proposed a model of hydrogen
diffusion in a dual-structure material and verified the validity of the model by simulations.
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Fig. 1. (color online). Energy diagram of hydrogen desorp-
tion by the ESD process (MGR model). Adsorbed atom on a
substrate surface is excited from bonding state to anti-
bonding state by electronic transition in the atom.
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Fig. 2. (color online). Schematic diagram of experiment set
up of the Operando Hydrogen Microscope.
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(color online). (a) Hydrogen distribution permeated through cold worked SUS 304L steel.

The ion counts are integrated 65 hours after introducing it to a backside of the sample. (b) An inverse
pole figure (IPF) map for austenite at the same position with (a). (c) An inverse pole figure map for
martensite. The color in the IPF map represents the crystal orientation when viewed from the normal
direction (ND), as shown in each bottom right. In (b) and (c) the extracted characteristic regions A to
H, and X, Y are shown in dotted frame overlaid on the EBSD images.
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Fig. 4. (color online). Diffusion coefficient and permeation
flux for each region. (a) Time evolution of hydrogen ion
counts in the region C in Fig. 3(b) or (c). The dashed lines
are the result of fitting according to the Fick's law. In this
region, there are two components, but depending on the
region, there is only one component. (b) Diffusion coeffi-
cient. The horizontal axis is the composition of martensite
structure ratio for the area. (c) Permeation flux. Each value
of the permeation flux is at the time t=oo0, after saturation,
which is extrapolated from the fitting curve (see the double
arrows in (a)).
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Fig. 5. (color online). Schematic picture of diffusion model
of hydrogen permeation in the metal having dual structure.
(a) Side view of the sample with low percentage of
martensite (orange/dark gray) in austenite (blue/light gray).
Hydrogen permeates from bottom side to upper side (dashed
red line and arrow). (b) Side view of the sample with
martensite and austenite, where the percentage of martensite
is higher than austenite.
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Fig. 6.

simulation. The boundary conditions are shown in (b). Austenite and martensite
mixed structures are assumed 18 brocks, shown for the simulation as in (c). Side
views are shown as austenite (blue/light gray) and martensite (orange/dark gray).
For austenite dominant area, we picked up the region C (in Fig. 3(b) or (¢)) ;
austenite 85% and martensite 15%. For martensite dominant area, we picked up the

region G ;
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Fig. 7. (color online). Time evolution of the permeation

flux of hydrogen through 100 um sample with varied struc-
tures obtained from the simulation. (a) Hydrogen permeation
through the sample which has austenite dominant structures.
Some of simulated lines of time evolution of the permeation
flux overlapped. (b) Hydrogen permeation through the
martensite dominant structure.

austenite 30% and martensite 70%. Permeation path of hydrogen is
from the bottom to top of each side view.
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