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In this study, LaNi, ;Sno 2Cug 1 metal hydride alloys, with and without surface deposits of
Pt, are investigated as electrocatalysts for the borohydride oxidation reaction (BOR) in
alkaline media. Results obtained for LaNiy 75Alg 2, and LaNis 7sMng 5, are used for compar-
ison. It is observed that wet exposition to hydrogen or sodium borohydride lead to some
hydriding of the metal hydride alloy particles, particularly that with a coating of Pt. In the
presence of borohydride ions, the hydrided charged alloys present more negative poten-
tials for the (boro)hydride oxidation process, and these enhancements are significantly
larger for the Pt-coated material. In the potential range of interest, the results demonstrate
considerable activity for the BOR, but just for the alloy with Pt. In the presence of boro-
hydride ions in the solution there is a continuous hydriding the alloy during the discharge
of the metal hydride electrode. Differential electrochemical mass spectrometry (DEMS)
measurements showed that there is formation of H,, either by hydrolysis or by partial
oxidation of the borohydride ions, but in the absence of Pt the hydrolysis process is quite
slow.
Copyright © 2013, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

but many other parallel or successive steps may occur
depending on the reaction catalyst, the main ones involving

Direct borohydride fuel cells (DBFC) are high-energy density
portable electricity generators, which work by converting the
chemical energy stored in borohydride ions (BHz) into elec-
trical energy. However, there are some challenges to be
overcome to make this system viable, one of them being the
development of more efficient catalysts for the promotion of
the borohydride oxidation reaction (BOR) taking place in the
fuel cell anode. The main reaction expressing complete
borohydride oxidation is given by [1]

BH, + 80H™ = BO, + 6H,0 + 8e~ (EO =-124Vvs.ENH) (1)
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the partial oxidation and the hydrolysis of BHz [1]:

BH; + 40H = BO; + 2Hzo + 4‘Hads + 4e”
= BO, + 2H,0 + 2H, + 4e~ ©)

BH, + 2H,0~ = BO, + 8H.gs = BO;, +4H, 3)

Several kinds of bulk materials have been investigated as
electrocatalysts for the BOR, and these include Pt, Au, Pd, Ni,
and Cu, among others [1,2]. Particularly interesting catalysts
often considered are those formed by metal hydride alloys,
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typically used in the negative electrode of Ni-metal hydride
batteries [3]. A special feature pointed out regarding these
materials is the possibility of the alloy hydriding, either
chemically or electrochemically, after exposition to BH; as
suggested by reactions (2) and (3). A direct borohydride fuel
cell using an MnO,-catalyzed cathode and an MmNisss.
Cogp.7sMng 4Aly 3 hydrogen storage alloy anode was assembled
[4]. High fuel cell performance was obtained, with the results
indicating a maximum power density near 70 mW/cm? at a
current density of 180 mA/cm? at 25 °C.

A series of LaNigsAlys- [5—7] and Mm-based [8—11]
(Mm = misch metal, an alloy of rare earth elements) metal
hydride alloys have been already investigated as anode cata-
lysts for DBFC. In the case of LaNig sAlg s, results [5] indicated
that H, evolution was unavoidable during the BOR because of
the occurrence of reactions (2) and/or (3). This creates a mixed
potential at the anode due to the occurrence of the hydrogen/
hydride oxidation reaction
H, +20H™ = 2H,0 +2e~ (E° = —0.828 V us. ENH), (4)
which lowers the open-circuit potential of the anode. The
addition of an Au layer on the surface of the LaNiy sAly s par-
ticles[6] improved fuel utilization and the catalytic activity for
the BOR. Increasing the temperature[7] led to positive effects
for the open-circuit potential, the discharge potential, and the
power density, but it increased the occurrence of the hydro-
lysis reaction, decreasing fuel utilization.

In the case of the Mm-based alloys, results for an
MmNy, ;sMng 2, material [8] in 4 wt.% KBH, and in 30 wt.% KOH
aqueous solutions indicated high catalytic activity for both the
BOR and the hydrogen evolution reaction, in which case the
reaction rate increases with the increase of the current density,
evidencing the occurrence of reaction (2). Studies employing
the same experimental conditions with the same alloy modi-
fied by Si [9] have shown that modification by Si decreases the
electrochemical catalytic activity at the same time that the H,
generation rate also decreases in the discharge process. At a
small current density this leads to an increase in fuel utilization
from 21.37% for the parent alloy to 95.27% for the modified alloy.

When MmNi; 55C0g 75sMng 4Alg 3 is used as the anode cata-
lyst for the BOR in 6.0 M KOH or NaOH solutions [10], results
proved that the hydrogen storage material can absorb
hydrogen during immersion in a 0.9 M potassium borohydride
solution. In the course of the BOR, the hydrogen generated is
partially oxidized in the electrode, particularly at low boro-
hydride concentrations. However at higher concentrations,
the importance of the direct BOR increases. Increasing the
alloy surface area (by decreasing the particle size) and the
temperature improves the polarization behavior of the alloy
electrode, but hydrogen evolution also increases, reducing
fuel utilization. Activation of an MmNiy 3C0g 4oMng 31Alg24
alloy through immersion in a 6.0 M NaOH/0.1 M NaBH, solu-
tion [11] led to a great increase in catalytic activity in the
beginning of the BO experiment, and this was atributted to the
electrooxidation of the hydride inserted into the alloy during
activation. After some time, the current stabilized because of
the occurrence of direct oxidation of the borohydride ions.

These investigations have indicated that there is quite a
good perspective for these materials to be introduced in the

anode of a direct borohydride fuel cell. The main limitations
are the loss of fuel utilization introduced by the occurrence of
reactions (3) and (4), the consequent release of H, gas, and the
mixed electrode potential created as a consequence of these
phenomena. The stability of these electrode systems is an
issue yet to be addressed. In this study, LaNis 7Sno,Cug; al-
loys, with and without surface deposits of Pt, were investi-
gated as electrocatalysts of the BOR in alkaline media in
conventional and thin-layer electrodes. Results obtained for
LaNiy 78Alp 2, and LaNig 78Mng 2, were used for comparisons.
The processes of the alloys hydriding by wet expositions to
hydrogen and to borohydride ions are specifically treated with
the aim of understanding the behavior of the materials on
different media at different electrode configurations. The use
of an alloy containing Sn and the incorporation of Pt, respec-
tively, aim at improving alloy stability [12] and the electro-
catalysis of the hydrogen oxidation reaction so as to minimize
the release of gas due to the hydrolysis of BH;.

2. Experimental section

The LaNig 7Sn02CUo 1, LaNia 78Alg 20, and LaNiy ;sMng 5, alloys
were prepared by melting mixtures of high-purity metalsin an
arc furnace with an ultradry argon atmosphere [12]. After
grinding, a fraction of the LaNis ;Sng,Cug; material had the
particle surfaces partially covered by a Pt layer using galvanic
displacement [13]. Briefly, the process involved the immersion
of the metal hydride alloy in a solution of KOH 0.5 M con-
taining 102 M of Pt for 2 h. Chemical and physical analyses of
these materials were performed by energy dispersive spec-
troscopy (EDS) conducted using a scanning electron micro-
scope (EDX LINK, Isis System Series) coupled to a ZEISS LEO
440 microscope and X-ray diffraction (XRD) conducted using a
Rigaku RU200B X-ray diffractometer with Cu K, radiation
source. Normal (TEM) and high resolution transmission elec-
tron microscopy (HRTEM) images (JEOL JEM 2100F) of the alloy
particles were obtained so to characterize the alloy micro- and
nano-structures.

Working electrodes were prepared in two different con-
figurations: (1) A rotating glassy carbon disc with a thin porous
coating structure was prepared using an aqueous suspension
containing 300 mg of the alloy and 0.5 mL of Nafion 0.05 wt.%.
Next, 15 uL of this suspension was placed on a glassy carbon
disc of a rotating electrode embedded on a Teflon holder. The
coated layer was allowed to dry under ambient conditions. (2)
A conventional flag-type structure was prepared by using a
mixture of 50 mg of the ABs-type hydrogen alloy powders
(<50 pm) and 50 mg of the carbon Vulcan XC72R with 35 wt.%
polytetrafluoroethylene; this mixture was smeared onto a
2 cm x 2 cm nickel screen to which a nickel wire was welded
as current collector [12]. These two electrodes will be desig-
nated here as TPC and FLAG, respectively. The TPC electrode
was used primarily to explore its rotating feature to charac-
terize if the electrode reaction involves species in solution
(dissolved hydrogen, borohydride) or inside the metal hydride
alloy electrode (hydride).

A single compartment cell was employed when using
the TPC electrode, while a two-compartment cell was used for
the electrochemistry measurements involving the FLAG
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