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Abstract. The changes of nanohardness as a result of cathodic hydrogen charging of austeno-
ferritic stainless steel was investigated. As the hydrogen behaves differently in the ferrite (o) and
austenite (g) phases, the hardness variation of both o and y grains before and after hydrogen
charging were measured. The nanoindentation measurements using the Atomic Force
Microscope were performed. Three various states of samples were examined: initial state, just
after hydrogen absorption and after hydrogen desorption. It was shown that there are distinct
changes of nanohardness between every state and each phase. Generally, the nanohardness of
the y phase is higher than in case of the a phase. The increase of nanohardness of both phases
after hydrogen absorption and its decrease after hydrogen desorption was observed and

interpreted in terms of microstructural changes.

1. INTRODUCTION

It is well known that the most distinct changes of
the material microstructure bring about by hydro-
gen occur mostly in thin superficial layer. The
microhardness measurements performed by
Lublinska [1] revealed no difference before and af-
ter hydrogenation process. However, it does not
mean that there are no microstructural changes
introduced by hydrogen. Our earlier studies using
transmission electron microscope (TEM) [2,3] re-
vealed great microstructure changes (i.e. an in-
crease of dislocation and stacking faults density)
in thin foils affected by hydrogen. It seemed that a
layer which is influenced by hydrogen is so thin,
that it is difficult to find an appropriate technique
sensible enough to characterise her properties. In
order to do this we took advantage of atomic force
microscope (AFM) nanoindentation module.

2. EXPERIMENTAL

The material used in this study was Cr23-Ni5-Mo3
austeno-ferritic duplex stainless steel (chemical
composition in wt.%: 0.026C, 0.35Si, 1.57Mn,
5.43NlI, 22.94Cr, 2.75Mo, 0.164N, 0.001S, 0.021P,
0.012Al).

The material was subjected to a thermo-mechani-
cal treatment in order to produce the same volume
fraction of austenite and ferrite, and special orienta-
tion relationships (ORs) between the o and y phases
[4].

Then, the samples were machined to reduce their
diameter to 3 mm and next sliced to 0.2 mm thick
discs using a wire saw. Finally, they were polished
by two-sided electrolytic thinning.

Hydrogen charging of the specimens were car-
ried out electrolytically at room temperature in a 0, 1M
H,SO, aqueous solution with an addition of 10mg/I
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Fig. 1. Nanoindentations performed in both phases.

of a hydrogen entry promoter (As,O,). A current den-
sity of 20 mA/cm? was applied between the speci-
men and a platinum anode.

The nanoindentation measurements of the steel
samples were examined with a Multi Mode AFM
NanoScope llla Digital Instruments. There were
tested three various states of samples: 1) at the
initial state, before hydrogen charging; 2) just after
hydrogen charging; 3) after hydrogen desorption.

The AFM was operated in the nanoindentation
mode. Before indentation, the topographic image
(in Tapping Mode) was collected. This image of
sample surface was performed in order to locate
the desired area for the indentation. After selection
of desired area, the indentation was executed. Dur-
ing indentation a kind of force-displacement curve
was recorded. For better statistics few indentations
were performed simultaneously. After indentation the
topographic image was collected one more time in
order to measure indentation holes. From the size
of the indentation holes and force-displacement curve
the hardness data could be extracted. The impor-
tant factor was that the indentation and image col-
lection were performed using only one tip probe.

Indentation probe consisted of a diamond tip,
mounted on a metal foil cantilever. The diamond tip
was sharp enough to provide good image resolution
(radius of the curvature 25 nm). The tip of the probe
used during the experiment was the Berkovich dia-
mond triangular pyramid (pyramid formed by {111}
surface of the diamond single crystal). The param-
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Fig. 2. Nanohardness variations in ferrite and aus-
tenite.

eters of the probe were: cantilever length 356 mm,
spring constant 272.4 N/m, resonant frequency 68
kHz. The microscope was calibrated on sapphire
sample before the set of experiments. In each ex-
periment four indentations were performed at once
(see Fig. 1).

3. RESULTS AND DISCUSSION

Nanoindentation measurements allowed us to in-
vestigate the nanohardness of austenitic-ferritic steel
before and after cathodic hydrogen charging. At first,
we determined the difference between austenite and
ferrite phases. It was proved thatinitially, the y phase
reached 3.91 GPa, being 23% harder than o phase
(3.01 GPa, see Fig. 2).

Firstly, it was worth to mention about the ex-
tremely high values of obtained nanohardness.
Johansson et al. [5] which performed nanohardness
measurings of duplex steel received similar rank of
values: 3.9 GPa for o phase, and 4.2 GPa for y
phase. The differences in nanohardness values may
result from different chemical composition of the in-
vestigated steels.

The influence of hydrogen cathodic charging on
the change of steel hardness was well visible (see
Fig. 2 and Fig. 3). The nanohardness of both phases
was increased. It seemed interesting that the growth
was relatively higher in the case of ferrite. It can be
explained by the fact that the hydrogen induced
much more severe and homogeneous microstruc-
ture changes in the o phase than in the y phase.
Our earlier observations using TEM [2,3] revealed
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huge increase of dislocations density, and strong
and uniform ferrite grain refinement. In the y phase
we observed the appearance of stacking faults, but
the overall defects density was lower than in the o
phase.

After hydrogen desorption the decrease of
nanohardness of both phases was observed. This
is caused firstly by material relaxation after hydro-
gen desorption from the metal atomic network, and
secondly by the annihilation of reversible defects
generated during hydrogenation process. The drop
of ferrite nanohardness was smaller, but it was aus-
tenite which was finally much more hard. Despite of
hydrogen desorption, the hardness of both phases
remained higher than initially. The remaining high
nanohardness values was connected with the ex-
istence of irreversible microstructure changes pro-
voked by hydrogen.

It was interesting that the nanohardness of y
phase dropped even there was a martensite forma-
tion after several hours after hydrogenation process.
It showed us that martenisitic transformation had
small influence on austenite hardness. It is worth to
mark out that the nanoindentation in y phase was
performed outside martensitic laths. Moreover, the
decrease of hardness was higher in the case of y
phase then the o phase. This phenomenon could
be easily explained knowing the different behaviour
of hydrogen in each phase: the diffusivity of hydro-
gen in the o and y-phases, determined for a similar
Cr25-Ni5-Mo DSS amount respectively to D, =
1.5107 cm?¥/s [6] and D, = 1.2:10*2 cm?/s [7]. Also
well known higher solubility of hydrogen in y phase
(C, =3.6-10* mol/cm® and C = 9.4-10° molicm?®
[8]) enabled higher hydrogen absorption and in con-
sequence introduced more stresses into the crys-
talline network. After hydrogenation process these
stresses gradually declined as a result of a slow
hydrogen desorption; this process took several hours
because of low diffusivity of hydrogen in fcc y phase).
On the other hand very low solubility of hydrogen in
o phase prevented hydrogen absorption, so there
were no nanohardness change after hydrogen des-
orption from the material. It meant also that the mi-
crostructural changes in ferrite were more stable.

4. CONCLUSIONS

The use of atomic force microscope nanoindentation
module permitted us to reveal the hydrogen induced
nanohardness variation which occur mostly in the
thin surface layer of the material. It was possible to
measure nanohardness changes before and after
hydrogen charging. The observed effects may be
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Fig. 3. Nanohardness variations in ferrite and aus-
tenite in function of samples state.

explained by the microstructural and phase trans-
formation taking place in the external layer of the
austeno-ferritic steel during cathodic hydrogen
charging, and after hydrogen desorption from the
material.
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