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Abstract

The formation of the transition hydrogen permeation minimum and maximum upon the application and cessation of cathodic polarization
of Alin 0.01N NaOH has been accounted for the strain induced hydrogen uphill diffusion. The straining of Al due to the cathodic polarization
has been confirmed by the effect of cathodic polarization on the stress—strain and creep relationships and on the Al elastic modulus evaluated
by means of the internal friction measurements. The role of the Al hydride formation has been discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Inroduction 0.2 cm thick) using the double cell. The anodic curreit (
being the measure of hydrogen permeation rate through
At metal straining, the solute atoms move to the extended the membrane, was recorded in the egress cell at the open
regiong[1] and it results in the strain relaxati¢2]. The hy- circuit potential, at application (permeation build up) and
drogen permeation affected by the uphill diffusion originated at cessation (permeation decay) of cathodic polarization in
from the strain imposed by the entering hydrogen atoms hasthe ingress cell. The increased cathodic polarizatignr=(
been observefB] and analyse] for Pd and its alloys. In. 20-120 mA/cr) was applied step by step (“on—on” mode)
the course of the electrochemical measurements of hydrogeror with intermediate cessation between the each step (“on—
permeatiorj5] through Al[6] and its alloy[7] the formation off” mode). The effect of cathodic polarization on ten-
of transition hydrogen permeation minimum and maximum sile strains £), torsion creep deformationy) and shear
has been observed upon the application and the cessation ofnodulus ) of Al was evaluated in the following tests,
the cathodic polarizatiorig. 1). Previously carried outanal-  respectively:
ysis of these phenomeft] allowed attribute the effect to the
complex hydrogen transport within the membrane due to the ®
metal straining. It could be expected that imposing the strain
at cathodic polarization should also affect the elastic and plas-*
tic properties of Al. This was studied in the presented work.

tensile stretching (specimens, 0.017 cm thick) with the
strain rate 2-510 s~ 1;
torsion creep of wires (cross-section, 1 mfimm) ini-
tially twisted in inversed torsion pendulum within the elas-
tic region (shear stress=30 MPa);

e torsion oscillation (frequency= 1.5 Hz) of wires.
2. Experimental proccedure

Electrochemical hydrogen permeation measuremi@hts 3. Results and discussion
were carried outin 0.01N NaOH for Al membranes (0.0025—
At application of both modes of cathodic polarization, the
* Corresponding author. Tel.: +48 22 632 32 21; fax: +48 22 63252 76. Minimum of permeation current decreased with the increase
E-mail address: ellina@ichf.edu.pl (E. Lunarska). in polarization Fig. 2) while in the case of “on—on” mode
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Fig. 1. Setting of double cell experiment (a) and the examples of buildup (b) and decay (c) of hydrogen transient permeation recorded in theefess cell
application (.on) and at (c) cessation ¢ff) of cathodic polarization in the ingress cell, respectively.
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Fig. 2. The appearance of the hydrogen permeation minimum at application of increased cathodic polarization according to “on—-on” (a) and yon—off” (b
modes and the effect of the membrane thickness on the depth of permeation minimum (c).

it vanished at high polarizatiorFig. 2a). The permeation Application of cathodic polarization produced the creep
minimum ecreased also with the increased thickness of thedeformation of wires, as recorded in torsion t€sg( 4a). At
membrane, cfrig. 2c. Cathodic polarization of tensile tested cathodic polarization, the shear modul&sgy 4b) has been
specimen resulted in the decrease in the strain without changealso decreased, as established in the oscillation test. Some
or even with decrease in the stre§gg( 3). Similarly as in recovery of above parameters can be seen after the cessation
the case of hydrogen permeation measureméings 2a and of polarization Fig. 4b).

b), the effect of increased polarization was more pronounced As follows from the obtained data, the straining of

in the “on—off” (Fig. 3a) than in the “on—on” modd~{g. 3b). Al at the application of cathodic polarization is signifi-
The change of the slope of the stress—strain curve, and thusant and can be considered at the discussion of the ori-
the change of the strain hardening rate due to the cathodicgin of the unusual hydrogen permeation. The diminishing

polarization can also be seen. of the effect with the increase in the membrane thickness
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Fig. 3. Effect of application of cathodic polarization according to “on—on” (a) and “on-off” (b) modes on the appearance of the stress—strathetevsits
tested specimens.
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Fig. 4. Effect of cathodic polarization on the creep deformation (a) and on the change of the elastic modulus (b) of Al established in torsi&) iffsrehf
electrochemical parameters, (3) data obtained after the cessation of cathodic polarization.

(Fig. Z) suggested that the near surface processes have beecessation of cathodic polarization, the hydride is unstable and
involved. transforms to the amorphous hydrox{d4]. This causes the

The metal straining at the ingress surface of the membranerelaxation of stresses. Formation and decomposition of the Al
at cathodic polarization may be caused by the hydrogen atomshydride can be accounted for the reversibility and symmetry
entering the metal lattice or by the formation of the solid of the observed effects.
phase surface layer. Because of the very low hydrogen sol- At increased polarization the imposed elastic strain ap-
ubility in Al (about 10-8 at/at[8]) the strain imposed by the  proaches the yield limit and no further increase in stress oc-
entering hydrogen (about6 10-1°) cannot be sufficientto  curs because of the plastic deformation of meld( 5a).
produce the observed effects. Therefore, the formation of theThis is accompanied by the increase in dislocation density
solid phase surface layer should be taken into account. The[12]. Therefore, the increase in the elastic strain and stress
symmetry in the build up and the decay hydrogen permeationis limited, whereas amount of entering hydrogen still in-
transients[ig. 1) demands the reversibility in the processes creases with the increasing polarization. As aresult, atthe cer-
occurring within the surface layer at application and at ces- tain polarization, the inward hydrogen flux originated from
sation of cathodic polarization. Although the surface@d the gradient of hydrogen concentration overcomes and sup-
layer imposes the stresses in alumini{@hit is formed at presses the outward one originated from the strain gradient,
anodic not at cathodic polarizatidd] and once formed it  and no permeation minimum would be observed Fid. 2
cannot be removed by cathodic polarizatja]. Therefore, a. After cessation of cathodic polarization causing the plas-
the oxide layer cannot provide the observed reversibility of tic deformation, some residual stress and the change in the
the effect. metal structure remair={g. 5b). In the “on—off” mode, the

At cathodic polarization in alkaline solution, Al hydride is  relaxation of the surface layer at cessation of polarization al-
the stable fornj11]. Because of the difference of the lattice lows the developing the effect at the application of the next,
structure and lattice parameters of metal and hydride, cre-higher polarizationKig. 2b). In the case of “on—on” mode,
ation of the stresses high enough to overcome the yield stressio relaxation occurs between the application of increased
can be expected in the metal at the formation of hydride. At cathodic polarization and still more and more pronounced

application of cessation of
cathodic polarization cathodic polarization
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Fig. 5. Schematic presentation of the stress and strain state within the surface layer at the ingress side of the membrane at application dacattindic po
(a) causing the overcoming the yield limity() and at cessation of that cathodic polarization &), surface layers exhibiting the hydride deformation of metal
lattice; X», the plastically deformed zone.
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change of the structure of surface layer hinders the effect cathodic polarization on the creep and elastic properties

(Fig. 2a). produced in Al and on those observed in other hydride
Although the above assumption on the formation and  forming metals. However, this assumption demands the

decomposition of the hydride phase should be confirmed, for  further confirmations.

example by the special X-ray analysis, it could be indirectly

supported by the data obtained in torsion tests. According to

the strain and stress distribution in twisted specimen, the testReferences
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