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Abstract

The effects of hydrogen insertion by
electrolytic charging in pure nickel were
investigated by scanning electron microscopy
(SEM) and X-ray diffraction. The hydrogenated
samples (thin foils of 0,02mm) contained at least
50% of NiHg g hydride just after charging. The
NiHggs hydride and the o-Ni phase were
distinguished by scanning electron microscopy
(SEM) operating in the backscattered electrons
mode. The difference of density or average
atomic number between the two phases was
enough to obtain a contrast between them. The
instability of the nickel hydride at room
temperature was observed by X-ray diffraction
and by SEM. Interesting features about the
intergranular cracks developed during and after
charging are discussed.

Introduction

The insertion of hydrogen in metals promotes severe
modifications of physical and mechanical properties. In
the case of nickel, hydrogen induces intergranular
cracking [1], decrease of ferromagnetism [2] and vacancy
generation [3]. Large amounts of the fcc B hydride may be
produced by high pressure hydrogenation [4] or
electrolytic charging [5]. The H/Ni ratio (x) in the B
hydride ranges from 0.6 to 1.0, depending on the method
and conditions of hydrogenation. The B hydride is known
to be metastable at room temperature and normal pressure
[6].

For x=H/Nisl the hydrogen atoms occupy the
octahedral interstices of the fee structure promoting cell
expansion. As a consequence, the hydride formation must
induce compressive stresses. The hydride decomposition
(outgassing), however, causes the contraction of the unit
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cell and tension stresses generation. Tsukuda et al. [7]
confirmed experimentally such behaviour in hydrogenated
and outgassed palladium.

The stresses developed during outgassing usualy
promote delayed cracks in ductile fcc metals. This effect
has been observed by many authors in cathodically
hydrogenated stainless steels [8-11].

In the present work the behaviour of hydrogenated
foils after charging is accompained by scanning electron
microscopy (SEM) and X-ray diffraction. The scanning
electron microscopy is succesfully used to distinguish the
two phases (0-Ni and -NiH,) and to observe the cracks
evolution during the hydride decomposition.

Materials and Methods

Thin foils (0.02mm thick) of high purity nickel were
hydrogenated by electrolytic charging in a IN H.SO,
solution with 20 mA/cm® by 24 hours. As,O; was used as
catalyst in a concentration of 5x107 mol/l. After the
hydrogenation the samples were water cleaned, dryed and
put into the microscope in less than five minutes. The
SEM images were obtained in a JEOL 840 microscope
operating in the backscattered mode. Time spaced pictures
were taken from the same sample and sometimes the same
area for 18 hours. Between two pictures the Faraday cup
was introduced to preserve the sample. The hydrogenated
samples were also analysed by X-ray diffraction
immediately after the charging and during natural aging.
The x=H/Ni ratio was calculated from the AV expansion
of the unit cell [12]:

0 LA (1)
4.28

X-ray diffraction was carried out in a Siemens D-
5000 diffractometer with Ko-Cu radiation. The sample
was rotated during the measurement to minimize texture
effects.
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Results

Hydride decomposition

Figure 1 shows the X-ray diffractogram after
hydrogenation (curve A) and after hydrogenation and 4
hours of aging (curve B). The o-Ni and B-NiH, phases
have lattice parameters 3.72A and 3.58A, respectively.
The ratio x=H/Ni=0.68 of the f hydride is calculated from
the unit cell expansion (equation 1). Figure 2 shows the
exponential decrease of nickel hydride with time. The
%NiHy4 was calculated from the X-ray diffraction
patterns, taking into account only (200) and (111)
reflections.
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Fig.1: X-ray diffraction of hydrogenated nickel: (a) just after the
electrolytic charging and (b) 4 hours after electrolytic charging
(natural aging).
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Fig.2: Exponential decay of the amount of B-NiHges during natural
aging.
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Figures 3 and 4 show the backscattered electrons
image of samples as hydrogenated and as hydrogenated
and aged for 4 hours, respectively. A contrast between the
phases ©-Ni and [-NiHg ¢ is observed. The o-Ni phase is
clear and the B-NiHy s hydride is grey that is due to the
presence of light hydrogen atom. It is worth noticing that
these two phases have never been distinguished by
microscopy. In this field, Schober and Dieker [13] have
applied Ag and Pd decoration techniques to observe local
hydrogen in nickel surfaces.

The average atomic number of the o-Ni is Zy;=28 and
that of the hydride B-NiH, s is 17.1. The densities of o
and P are 891 and 7.74 g/em’, respectively. These
differences explain the contrast between the two phases
obtained in the backscattered mode.

Fig.: 3: Backscattered electrons image of the nickel foil just after
the hydrogenation.

The decrease of the amount of the B-NiHgss with
aging time, as evidenced by the X-ray diffraction analysis,
can also be observed by SEM. It is possible that in the
vacuum chamber of the microscope the rate of hydride
decomposition is enhanced, as a simple application of the
Le Chatelier’s principle.

The decomposition of the hydride can be written as
follows: B(NiH,)—0(Ni) + 0.5xH,. This reaction starts in
the regions adjacent to the intergranular cracks (figure 3).
Some details of figures 3 and 4 show that the o.-Ni formed
from the hydride may grows with an acicular morphology.
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Fig.4: Backscattered electrons image of the nickel foil 4 hours
after the hydrogenation (the sample was kept in vaccun
into the microscope chamber).

Intergranular cracking

During the electrolytic hydrogenation at room
temperature the hydrogen absorption and desorption may
take place at the same time because of the high instability
of the nickel hydride at room temperature. The  hydride
formation occurs with lattice expansion and the H
desorption promotes a contrary effect. As a result, tension
and compression stresses are generated during the
hydrogenation. The intergranular cracks observed in
figure 3 are the manifestation of these stresses and also of
the high susceptibility of nickel to hydrogen
embrittlement. Accordingly to Yao et al. [1] pure nickel
changes its fracture mode from transgranular to
intergranualr when the hydrogen concentration at grain
boundaries reaches a critical value of 6.5 to 9.8 at.%. The
NiHg s stoichiometry means an atomic concentration
Cu=40.5at.%., i.e., more than four times the critical value.

When the intergranular crack is opened it becomes a
preferential place for the hydride decomposition, as
suggested by figure 3.

The sequence of figures 5, 6 and 7 shows the
propagation and opening of the intergranular cracks in the
same area, with the same magnification.
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Fig. 6: Hydrogenated sample 2 hours after charging (same region
of figure 5 to show the evolution of intergranular cracks).
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Fig. 7: Hydrogenated sample 18 hours after charging (same
region of figures 5 and 6 to show the evolution of
intergranular cracks),

The explanation for the crack opening and
propagation lies in the stress field developed during the
outgassing.The hydride decomposition is accompanied by
lattice contraction that promotes mainly tension stresses.
These stresses concentrate in the pre-existing cracks and
makes them to open. This explains the increase of the
average crack thickness that can be observed comparing
figures 3 and 4. The dark parallell needles observed in
figure 3 are due to the polishment, but some of them can

become intragranular craks during the hydride
decomposition (figure 4).
Discussion

The SEM characterization of nickel foils

hydrogenated by electrolytic ?harging revealed the

following features: :

* The nickel hydride B-NiHyss and the o-Ni phase
could be distingued by backscattered electron image,
due to the density or average atomic number
differences.

e It was possible to
decomposition in situ.

observe the B-NiH g
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* Intergranular cracks developed during the electrolytic
charging propagate and become continuously larger
during the natural aging, due to the tensile stresses
developed during the hydrogen desorption.
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