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Electrooxidation of alkaline borohydrides on metal hydride electrodes
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In this paper, commercial ABs metal hydride alloy has been investigated as an anode material for borohydride
electrooxidation. Polarization and discharge characteristics in stabilized sodium borohydride solutions as well as in
strong base electrolyte have been obtained by means of electrochemical methods. The results have been analyzed and
compared with those of previously studied nanocomposite electrodeposits.
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INTRODUCTION

The rapidly rising energy consumption requires
new strategies and technologies for energy produc-
tion. Except the problem with exhausting fossil fuel
resources, the existing energy system suffers from
another big obstacle — huge emissions of CO, and
other “greenhouse” gases, which cause the already
announced global warming of the planet.

One of the most popular concepts for the future
energy system is based on the use of hydrogen
and/or hydrogen-rich compounds as main energy
carriers as well as zero- or low-emission fuels [1-3].

Complex hydrides such as alkaline borohydrides
(M'BH,) are recently under intensive research and
development [4-6]. Except high hydrogen content,
they possess important advantages such as good
solubility in water, high stability in basic solutions
and electrooxidation with participation of big
number of electrons via one of the following
reactions:

BH47+ S8OH — B027 + 6H20 +8¢”
or
BH, + 40H — B027+2H20 + 2H2 +4e

In addition, the electrode potentials of the above
reactions are more negative than that of hydrogen
reaction in alkaline media, and also the formed
borates are environmentally safe and can be regene-
rated.

However, most of the appropriate electro-
catalysts possess some catalytic activity for the
borohydride hydrolysis reaction:

* To whom all correspondence should be sent:
E-mail: mitovmario@mail.bg

306

BH, + 2H20 —> 8027 + 4H2

For the purposes of direct borohydride fuel cell
applications, the upper reaction decreases the
efficiency of a fuel use. The efforts for minimization
of this effect are mainly in two directions — to use
electrocatalysts, on which the hydrolysis does not
occur or its rate is negligible [7], or to find proper
inhibitors for borohydride hydrolysis [8], which do
not impede its electrooxidation.

A possible way to lower the hydrolysis effect is
the use of metal hydride alloys as anode materials.
In such manner, a part of generated hydrogen could
be absorbed and stored into the electrode as a
“secondary” fuel.

The present paper is aimed at studying the
electrooxidation of base-stabilized sodium boro-
hydride solutions on the commercially available
ABs metal hydride alloy. The results are compared
with those obtained on recently studied nano-
composite electrodeposits.

EXPERIMENTAL

Commercial mischmetal-based AB;s alloy (Trei-
bacher Industrie AG) was studied as a potential
anode material for borohydride electrooxidation.

Button shaped electrodes with diameter 10 mm
were produced as follows: a weighed amount (about
100 mg) of the powdered ABs alloy was mixed with
PTFE paste (Carl Roth GmbH+Co), the obtained
mixture was piled on nickel foam (RCM-Ni-
4753.016, Recemat Inc.) and then hot-pressed under
200 kg/cm® at 280°C.

A set of electrochemical methods has been used
for characterization of electrode performance in
borohydride solutions. Initially, the electrodes were
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polarized anodically in base-stabilized sodium boro-
hydride solutions (1.0-1.3 M NaBH,6 M KOH) at
different currents and the corresponding polarization
curves were plotted. In other set of experiments, the
electrodes were immersed in borohydride-con-
taining solutions and then, a galvanostatic discharge
in 6 M KOH was carried out. The discharge capa-
city values, corresponding to the amount of ab-
sorbed hydrogen, were estimated from the obtained
discharge times. Finally, long-term discharge
procedure at constant currents was carried out with
the same electrodes in stabilized borohydride elec-
trolytes (1.3 M NaBH,/6 M KOH) and the resultant
discharge curves were compared with those
obtained in potassium hydroxide electrolyte.

All electrochemical experiments were carried out
in a specially constructed hermetic water-jacketed
three-electrode cell with an outlet for generated
gases — Fig.1:

Fig. 1. Experimental three-electrode cell: 1 — working
electrode, 2 — counter electrode, 3 — reference electrode.

The studies were performed using PJT 35-2
potentiostat-galvanostat (Radiometer Tacussel) with
IMT 101 electrochemical interface and Volta Master
2 software.

RESULTS AND DISCUSSION

For getting an initial impression about the
electrochemical behaviour of AB; electrodes in
stabilized borohydride electrolytes and to quantify
the range of current densities, at which the anodic
process takes place with low overpotentials, polari-
zation measurements under galvanostatic conditions
have been carried out. Typical polarization curve,
obtained with studied electrodes in stabilized boro-
hydride solution, is presented in Fig. 2.

At all studied borohydride concentrations, the
polarization curves start at more negative open
circuit potentials (OCP) than the equilibrium poten-
tial of hydrogen reaction in strong alkaline electro-
lytes (-0.926 V vs. Hg/HgO). In addition, the OCP
shifts to more negative values when increasing

borohydride concentration [9]. These results are
evident proof for the borohydride participation in
the electrochemical reaction.
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Fig. 2. Polarization curve of borohydride electrooxidation
on AB; metal hydride electrode in 1.3 M NaBH,/6 M
KOH electrolyte.

Relatively small overpotentials (fewer than 100
mV) have been obtained with the studied electrodes
up to 50 mA/cm’ current loadings.

Noticeable hydrogen release due to the
borohydride hydrolysis was observed immediately
after immersion of ABs-electrodes into the electro-
lyte. However, the rate of hydrogen generation on
these electrodes is quite lower in comparison with
the cases of previously studied CoMnB and
CoNiMnB electrocatalysts [10, 11] (see Table 1)
and it reduces additionally at increasing the current
density.

The hydrogen storage capability of the studied
ABs celectrodes as a result of their overnight
immersion in sodium borohydride solution was
verified by taking discharge curves in 6M KOH
electrolyte — Fig. 3:
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Fig. 3. Discharge curve obtained with ABs in 6 M KOH
(Igisen-= 5 mA) after pre-treatment in sodium borohydride.
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The pattern of these curves is typical for the
metal hydride electrodes, used in the rechargeable
Ni-MH batteries. The estimated capacity values are
of the same magnitude as those, which are usually
obtained with the same electrodes during their
electrochemical charge/discharge activation. This
result may be assigned to a formation of ternary
metal hydride as a result of preliminary electrode
immersion in borohydride solution. It was proven
[12] that this hydride has the same composition as
the one formed during electrochemical charge. This
means that the treatment with sodium borohydride
solution could be used as a pre-activation procedure
for this type of electrodes.

Very long plateaus at more negative potentials than
the characteristic ones for metal hydride electrodes in
strong alkaline solutions are observed on the discharge
curves, obtained in stabilized borohydride electrolytes
—Fig. 4.
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Fig. 4. Discharge curve obtained with AB;s electrode in 30
ml 1.3 M NaBH,/6M KOH electrolyte (Ljscn.= 20 mA).

Their magnitude and range of potentials can be
related mainly to the electrooxidation of dissolved
borohydride. However, at the end of discharge the
process is probably associated with the electro-
chemical hydrogen desorption.

Characteristics, obtained with studied AB5 metal
hydride electrodes by means of polarization and
discharge experiments are summarized in Table 1
and compared with those of best-performed nano-
composite electrodeposits, recently investigated by
us [11]. In addition, data for hydrogen release rate
on these materials are also presented [9, 11].

At the same borohydride concentration, the OCP
of ABs electrodes are less negative than those of
electrodeposited ones and closer to the equilibrium
potential of hydrogen reaction. Taking into account
the strong hydrogen absorption ability of this elec-
trode material, it may be supposed that the OCP is a
mixed potential of two reactions — borohydride elec-
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trooxidation and electrochemical hydrogen absorp-
tion/desorption. The higher capacity values during
discharge in 6 M KOH electrolyte as well as the
several times smaller amounts of generated hydro-
gen in borohydride solutions obtained with former
electrodes are additional proofs for the significant
role of hydrogen absorption reaction in the overall
electrode performance.

Table 1. Characteristics of borohydride electrooxidation
on AB; metal hydride and CoNiMnB electrodeposited
electrodes, obtained by means of polarization and dis-
charge experiments in 1.3 M NaBH,/6 M KOH electrolyte.

OCP, n, Tdisch.» Kk
Electrode (vs. (=50 (gisch- =20 1+ _ 57
material  Hg/HgO), mA/em?),  mA), (inl fIO /Ei‘?l)
mV mV h 2
ABs -1113 120 75 0.9
CoNiMnB -1190 40 30 5.7

In spite of higher overpotentials estimated from
polarization curves, much longer discharge times in
borohydride electrolytes were obtained with the
studied AB; than with the electrodeposited elec-
trodes. Probably, the main reason for this is the
faster exhaustion of borohydride fuel in the latter
case due to the higher rate of its hydrolysis on this
type of nanocomposites (see Table 1).

Further experiments with investigated ABs metal
hydride electrodes in a specially constructed fuel
cell are in a progress.

CONCLUSIONS

The electrooxidation of sodium borohydride on
ABs-type metal hydride electrodes takes place with
relatively small overpotentials (less than 100 mV)
up to 50 mA/cm® current densities. In addition, the
rate of hydrogen release due to borohydride hydro-
lysis is almost negligible and the amount of the
absorbed into the electrodes hydrogen is comparable
with that obtainable by electrochemical charging. At
the same current loadings, the discharge times in
stabilized borohydride electrolyte obtained with the
investigated ABs electrodes are several times longer
than those with previously examined composite
electrocatalysts.

Based on the overall performance, it may be
concluded that the studied ABs alloy is a proper
alternative for application as anode material in
Direct Borohydride Fuel Cells.
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EJIEKTPOOKHMCJIEHUE HA AJIKAJIHU BOPXUAPUIN BBPXY METAJI XUJPUJIHU EJIEKTPOAU
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B Hactosimiata pabora e wm3cneqBaHa KomepcHanHa ABs Meran XuOpuaHa CIUTaB KaTO aHOACH Marepuai 3a
EJIEKTPOOKHCIIeHHE Ha Oopxumpuan. Upe3 HabOp OT eNEKTPOXUMHYHMA METOAM Ca CHETH MOJSPU3ALUOHHU U Pa3psIHU
XapaKTEPUCTUKU B CTAOMIM3UPAHK PA3TBOPU HA HATPUEB OOPXUAPHI, KAKTO U B KOHIEHTPUPAH aJKaJIeH €JIeKTPOJIHT.
[MonyueHure pe3ysiTaTd ca aHATM3MPAHU U CPABHEHU C TE€3U OT HPEAMINHO HM3CJICIBAHU HAHOKOMIIO3UTHHU EJIEKTPO-
OTJIOKEHH TIOKPUTHSI.
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