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Polarization curves and electrochemical extractiorhave been used to analyze the electrocatalytic adty of
(Ti,V)3.Cr, alloys. The correlation between the composition @hthe optimal temperature of hydrogen
desorption, overpressure of hydrogen evolution andmount of reversing hydrogen has been investigated@he
obtained results help understand and optimize thenpcess of electrochemical hydrogen saturation in klys.
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Introduction

BCC alloys with body-centered cubic lattice (BCC
lattice), for example in the Ti—V—Cr system, occupy
special place among the most promising materials fo
hydrogen storagel1-3]. They can absorb up to
3.8 wt.% of hydrogen in the favorable temperature
range of hydrogen output, which is a key factor for
their application in practicé4-6]. Recently, Ti-V-Cr
alloys were also used as catalysts for magnesium
alloys|[5,7]. However, up till now these materials have
mainly been saturated from the gas phH&s&0]. Still

the electrochemical process of hydrogen saturation

applied to reveal the structure of the alloys. The
program Powder Cell 2.4 was used to calculate the
parameters of microstructure. A scanning electronic
microscope Oxford Hitachi S-3400N with an energy-
dispersive analyzer Bruker enabled us to study the
component distribution in the alloys. We implemeinte
the method of differential scanning calorimetry @S
with an instrument STA449C Jupiter (NETZCH) in an
atmosphere of argon (heating rate 10°C/min) to
analyze the phase transformation in the hybridhef
TiV,Cr, systems.

Electrochemical research was done using a
standard electrochemical cell. The electrolyte was

makes the process run at room temperature and KOH (approximate concentration 1 mdjIsolution

atmospheric pressure. Besides, this method of
hydrogen saturation makes model experiments to
analyse the kinetics of the hydrogen penetratida in
the material possible. Here we see the relevanoaiof
work.

Optimal conditions for electrochemical hydrogen
saturation and for the influence of the alloy
composition on the cathode behavior have beemset i
the work.

Experimental

Three-component  alloys of the following
compositions were the objects of the research:
(Tiz'sz*vx)cro';;g (W|th x=0.54 and x= 198),
TipoVoeCrio TigaV12/Cr 4 and wire specimens of
titanium, vanadium and chromium.

X-ray diffraction (diffractometer SIEMENS
D5000) with monochromized copper radiation was
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prepared with reagent grade KOH and deionized
water from a Millipore system. The solutions of
KOH were purified by precursory electrolysis on a
platinum mesh electrode for two hours. A standard
three-electrode electrochemical cell was used with
silver chloride electrode (Ag/AgCl) and a platinum
electrode as reference and counter electrode,
respectively. Samples prepared from the (Ti,XZ),
alloys were used as working electrodes (0.4-0.6 mm
diameter and 0.2-0.3 mm  thickness). The
potentiodynamic polarization curves were obtained
using aP-30I potentiostat with a potential sweep rate
of 2:10% v-sh.

All the working electrodes for electrochemical
measurements were armoured with polymerized
ethoxyline resin to control the surface of the &tzte
material. The working surface was smoothed
manually, polished by STRUERS LaboPol-2 reducing
the grain diameter from 100 to 50 um, and cleaned b
ethanol.
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The method of electrochemical extractidn-13],
which presupposes preparatory hydrogen saturafion o
the sample and further anode ionization of the
saturated hydrogen, was applied to analyze the
sorption capacity of the alloys. Preparatory hyerog
saturation of the surface of the working electrodes
done by electrode polarization with a cathodic entr
(i = 10 mA-cm®) for 15 min in an 1 mol solution of
KOH. The area of potentials — “two-layer area” thwi
hydrogen ionization, but without electrode dissiolut
was identified to use the method of electrochemical
extraction of hydrogen in the area of anode
polarization of materials. The potential for the
electrochemical extraction was chosen from thig.are

The main kinetic parameters of hydrogen
saturation and extraction from the materials
under investigation were derived from the
experimental time dependence of the current to
hydrogen ionization according to the methodology
proposed irj14,15].

The amount of extracted hydrogen was calculated
by integration of thd,t-curve minus the amount of
current obtained by multiplying the follow-on cunte
and the time of extractionf):

tex
Q, :Ildt—lb[ﬂex,
0

whereQ’y, = amount of electricity for the oxidation of
the extracted hydrogeh, = background current.

The amount of electricity@y) corresponding to
the hydrogen absorbed by one unit of alloy surface,
was calculated in the following way:

-

Where S = working surface of the electrode during
extraction.

Then, using Faraday’s law, the total amount of
extracted hydrogen was determined. The amount of
hydrogen absorbed by the alloy;] was expressed in
cm-cm?, which corresponds to the amount of
hydrogen absorbed by one unit square of sample
surface.

All the potentials listed in the current work are
given relative to the standard hydrogen electrode
(SHE).

Results and discussion

It is known[11,16] that the amount of hydrogen in a
metal/alloy depends on, under otherwise equal
conditions, the surface concentration of adsorbed
hydrogen H.q9, thus on the rate and the mechanism
of the hydrogen evolution reaction (HER) takinggela
on the surface of the analyzed material.

A very important characteristic of these alloys is
that the distribution of the alloy components (titam,
vanadium and chromium) should be homogeneous
throughout the material, and the local compositions
agree with the nominal one. This was proven by the
maps of element distribution in the alloys and the
integrated range of elementsd. 1). An even surface
will have a positive influence on the electrocheahic
behavior of the alloys.

e

Fig. 1 Summarized map of distribution of the componentghie alloy TioVgCri, (a), distribution of
titanium (b), vanadiumc], chromium (d) and integrated range of quantitaimalysis of the compositiog)(
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To determine the mechanism of the HER and to
compare the catalytic properties of the alloyshadic
polarization curves were obtained and kinetic
parameters (Tafel coefficients and R) [17] were
calculated. The measured cathodic polarizationesirv
contain regions that were described by the Tafel
equation Fig. 2).

The analysis of the results givenTiablel led us
to deduce the following principles. An increasettod
chromium content decreases the hydrogen
overpotential £) (Fig. 3, diagram 1), in other words,
this means that ternary alloys with a large amafnt
chromium are preferable for cathodic processes.

We have used compositions with equal amounts of
chromium, but different titanium to vanadium ratios
the alloy.

Under our experimental conditions the alloys
(Tizs2xVy)Crogg With x=0.54 or 1.98 meet the
imposed requirements. The obtained resultsb(el,
Fig.3, diagram 1) illustrate that the correlation
between the components does not significantly
influence the HER overpotential. This conclusion is
quite unexpected, however, it may be used to dpvelo
BCC alloys for electrolytic hydrogen saturation.

The analysis of the experimental datealflel)
reveals that the values of for all the compositions
under study are practically the same, which
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demonstrates a similar mechanism of hydrogen
evolution [17,18], however, the rate of the cathodic
processit) depends on the alloy composition. For two
alloy compositions with equal amount of chromium
the cathodic process was found to be much faster fo
the alloy with higher amount of titanium. This
conclusion is contrary to the one made for two-
component alloy$18,19]. Consequently, inclusion of
chromium into the alloy provides conditions for
dominating interactions between the alloy compoment
that are likely to be seen in the hydrogen evofutio
reaction.

A decrease of the chromium content in the alloys
leads to a decrease of the hydrogen desorption
temperature Kig. 3, diagram 2). At the same time it
results in an increase of the HER overpressure.

The amount of hydrogen absorbed by the alloy
(wy) was calculated on the basis of the extraction
curves [=f(t)). The results of the electrochemical
extraction Fig. 3, diagram 3) qualitatively agree with
the data on overpressure of hydrogen evolution from
the surface of the analyzed alloysd. 3, diagram 1).

It should be noted here that, under the applied
conditions for extraction (see Experimental), moft
the hydrogen electrolytically absorbed by the allosy
used in the formation of hydrides (about 72-80%)
[20], the rest being reversing hydrogen.

1.0 15 20

25 3,5

1gi [i, A/m’]

Fig. 2 Cathodic polarization curves for gEiV19e€Croas (1), TirogVo5{Crloas (2) and Tz3V12/Cria (3)

in 1 mol-I* solution KOH.
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Table 1 Parameters of cathodic process in alloys of theeay$Ti,V);..Cr, in 1 mol-I* solution KOH.

. VvV le, A-m”
(V+Ti) Cr b, V (n=aati.= 1 A-Cm_z) (atE = -1.33 V)
(0.54+1.98)=2.52 0.48 0.19 0.85 72.4
(1.98+0.54)=2.52 0.48 0.17 0.87 161.9
(0.8+1.0)=1.80 1.20 0.13 0.69 -
(1.27+0.33)=1.60 1.40 0.12 0.65 413.3

n Vv

0,85
0,80 -
0,75 -
0,70 4

0,65 -

-10 .cm cm

15 4

10

2,0 22

V+Ti

2.4

2,6

Fig. 3 Dependence of characteristics of (VgLQr, alloys and their hydrides on the sum of the cogffits of

the hydride-forming components (V+Ti):

HER overputal

(7) for alloys with compositions

(Ti1xVx)2.5LCro.48 With x = 0.54 Q) andx = 1.98 (&), Tiy oV.gCr1» (m), Tig33V1.2/Cr1.4 () (1); temperature of
the first phase transition in the hydrides (hydrogesorption) (2); amount of hydrogen absorbedhay t
alloys Ti54V1.0Cro.48 (A), TizoVoegCrio (m), TigaV12/Cr14 (@) (3).

Conclusions

The research has led us to conclude that, in dader  [1]
make a three-component Ti—V—Cr alloy work well
under the conditions of repetitive cycling of hygem [2]
sorption/desorption, it is necessary to choose a
composition that will satisfy two criteria: optimal  [3]
(lowest possible for the conditions of the experithe
temperature of hydrogen desorption, and low
overpotential to make the electrochemical hydrogen [4]
saturation of the alloy easier.
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