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The performance of electrodes, prepared from amorphous CoxByHz nanoparticles without additives,
in 20% KOH solution was tested by means of cyclic voltammetry and chronopotentiometry. Peaks,
assigned to hydrogen adsorption and desorption, are observed in the cyclic voltammograms. After
charging, hydrogen atoms occupy di�erent types of sites in the substrate, from which electrochemical
desorption occurs. An increase in hydrogen content as a result of repeated cycling was established.
Discharge capacity of the electrodes, estimated from the chronopotentiometric discharge curves
obtained, is about 250mAhg)1. The observed changes in hydrogen and boron content, due to
electrochemical treatment, indicate that the electrode material is an active participant in the whole
electrochemical process. Hypotheses for the reaction mechanism are proposed.
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1. Introduction

Nickel±metal hydride (Ni±MH) batteries have be-
come popular as an alternative to the commonly used
Ni±Cd system. They possess numerous advantages
over Ni±Cd batteries such as absence of toxic Cd,
higher energy capacity, high rate capability, tolerance
to overcharge and overdischarge, no consumption of
electrolyte during charge±discharge cycles and life
longer than 1000 charge±discharge cycles. Among
their disadvantages are di�culties in preparation of
the hydrogen absorbing alloys, used as negative
electrode materials, and their high price.

The electrochemical absorption and desorption of
hydrogen on some new amorphous materials has
been recently reported [1, 2].

Nanoparticles, produced my means of the well-
known borohydride reduction method, sorb rela-
tively large amounts of hydrogen during production.
For this reason, it was predicted [3] that such nano-
particles would be `a new route to metal hydrides' for
the purposes of Ni±MH batteries.

An electrocatalytic activity of electrodes contain-
ing NiB nanosized powders towards the hydrogen
evolution reaction (HER) and hydrogenation of some
organic compounds has been found [4±8]. The
mechanism of these reactions is similar to that of the
reaction proceedings on MH electrodes. The elec-
trodes, however, have not been tested for possible
battery application.

Various amorphous and nanocrystalline particles
have been synthesized by means of the borohydride

reduction method, using di�erent preparation tech-
niques developed by Dragieva et al. [9±14]. The re-
duction process is carried out in a reactor at room
temperature and atmospheric pressure. A de®nite
volume of solution, containing a determined amount
of NaBH4, used as a reductor, is added to another
solution of known volume and concentration, con-
taining a salt of a transition metal. Nanoparticles
with di�erent hydrogen and boron content were ob-
tained by variation of the salts, solutions concentra-
tion, time of mixing and pH. It was established
[10, 11] that the total amount of hydrogen in the
nanoparticles increased with decrease in boron con-
tent. Thus, under appropriate conditions, materials
with relatively high and controllable hydrogen con-
tent could be produced.

Boron atoms in two states have been observed by
X-ray photoelectron spectroscopy in amorphous
CoxByHz nanoparticles [15]. It was assumed that
these two states of boron are responsible for the
catalytic properties of such powders towards reac-
tions with participation of transition metals, hydro-
gen and oxygen, taking place on solid±gas or solid±
liquid phase boundaries. The appearance of two
peaks in the 1s photoelectron spectra of boron was
also observed in an amorphous boron-containing
alloy [16], exhibiting catalytic activity [17, 18], as well
as in amorphous metallic ribbons used in the assem-
bling of torroidal transformers [19].

In our initial study [20], the electrochemical per-
formance of di�erent nanoparticles synthesized by
borohydride reduction was tested in alkaline media.
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Electrodes were prepared by technology developed
for MH electrodes [21]. A predetermined amount of
nanoparticles was mixed with te¯onized carbon
(Vulcan XC-72), used as a binder, and the mixture
was pressed onto a current collector (nickel mesh) at
room temperature. Several charge/discharge cycles
were carried out for each electrode. Discharge ca-
pacities higher than 200mAhg)1 were obtained for
most of the electrodes. These results, compared with
the capacities of commercially used MH electrodes,
were encouraging.

The purpose of the present work is to elucidate the
performance of nanoparticles prepared by borohy-
dride reduction as active electrode materials in alka-
line electrolytes for their possible application to
rechargeable batteries. Single-metal CoxByHz nano-
particles were used as a model system. Electrodes
fabricated only from nanoparticles without additives
were studied

2. Experimental details

Nanoparticles were synthesized by reduction of
aqueous CoSO4 solution (112.44 g dm)3) with a so-
lution of NaBH4 (46.11 g dm)3). The process was
carried out in a vertical `Y'-type reactor at room
temperature and atmospheric pressure. Both solu-
tions were simultaneously injected at the same level in
the upper part of the reactor and pH was adjusted to
6.7. The reaction time was 10.5min. The powder
obtained was separated from the solution by ®ltration
and dried under vacuum for 24 h. It consisted of
nanoscale particles with an amorphous structure [10].
The boron content, analysed titrimetrically [9, 11],
was 7.66wt% and that of hydrogen, determined by
gaseous analysis [11], was 0.574wt%.

Cylindrical electrodes with diameter 6mm and
thickness 2mm were prepared by pressing about 0.2 g
of the powder under pressure of 100Mpa. The pre-
pared samples were sintered at 200 or 300 °C under
a nitrogen atmosphere for 10min. Such thermal
treatment does not change the initial structure of
the material, as the crystallization of amorphous
CoxByHz nanoparticles occurs at higher temperatures
[14].

The electrochemical experiments were performed
in a three electrode H-shape cell with separate com-
partments for the working and counter electrode. The
measurements were carried out in 20% KOH aque-
ous solution. A large nickel foil was used as a counter
electrode. The working electrode potential was mea-
sured against a Hg/HgO reference electrode. The
experiments were performed using PJT 35-2 potent-
iostat-galvanostat (Radiometer-Tacussel, France)
with an IMT 101 electrochemical interface and Volta
Master 2 software. Ohmic drop compensation was
applied.

Cyclic voltammetry was carried out in the poten-
tial range between )1.2 and )0.5V vs Hg/HgO,
starting from the open circuit potential, Eoc, and
shifting the potential initially in a negative direction.

Totally charged electrodes were discharged at a
constant current density of 50mAg)1 up to a cut-o�
potential of )0.5V vs Hg/HgO. The discharge ca-
pacity of the electrodes was estimated from the
chronopotentiograms obtained.

3. Results and discussion

Typical cyclic voltammograms obtained with the in-
vestigated CoxByHz electrodes are shown in Fig. 1.
Only an anodic peak is observed on the voltammo-
grams during the ®rst cycle. A cathodic peak begins
to appear during the next cycles at potentials more
positive than those at which hydrogen evolution oc-
curs. Although the cathodic peak potential is rela-
tively permanent, the anodic peak usually shifts
towards more positive potentials after the ®rst few
cycles. Both anodic and cathodic peak heights, as well
as the integrated areas under anodic and cathodic
waves, presented in Fig. 2, develop gradually in each
subsequent cycle until permanent values are main-
tained. The estimated values of anodic and cathodic
Tafel slopes are close to 118mVdec)1 (with deviation
of �15mVdec)1) for all electrodes tested, which is
typical for one-electron reactions.

The change in the cathodic switching potential
from )1.2 to )1.1 and )1.0V induces division of the
broad anodic wave into two smaller maxima situated
at more negative potentials, as seen from Fig. 3(a).
Obviously, oxidation reactions having close, but dif-
ferent, redox potentials take place and form the
complex anodic peaks observed. After several cycles
the anodic waves unify their forms and shift towards
more positive potentials, as shown in Fig. 3(b). When
the switching potential is more positive than the ca-
thodic peak potential, the height of the corresponding
anodic peak su�ciently decreases. If the potential is
swept only in the positive region towards the open
circuit potential, Eoc, the anodic peak disappears

Fig. 1. Cyclic voltammograms of CoxByHz electrode sintered at
300 °C. Sweep rate 5mV s)1; 20% KOH solution. Figures inside
note the cycle number.

60 M. MITOV, A. POPOV AND I. DRAGIEVA



during the second and subsequent cycles, as shown in
Fig. 4. These results indicate that the anodic maxima
observed on the cyclic voltammograms are related to
the cathodic peak.

Increasing the potential sweep rate induces a larger
separation between cathodic and anodic peaks, as
seen from Fig. 5, which is an indication of a quasi-
reversible electrochemical process.

Considering the presence of hydrogen in the
nanoparticles we assume that the observed electro-
chemical performance is due to oxidation and re-
duction of hydrogen taking place through a
mechanism proposed for hydrogen-sorbing materials
[22]. The sorbed hydrogen oxidizes during the ®rst
cycle of the voltammetric experiment, which results in
the appearance of an anodic peak on the corre-
sponding cyclic voltammogram, presented in Fig. 1.
The disturbed equilibrium begins to be restored
during the next cycle by electroreduction of water to
Hads, taking place via the well-known Volmer reac-
tion, followed by absorption and di�usion of hy-
drogen atoms into the bulk, with possible formation
of a hydride. These phenomena correspond to the
appearance of a cathodic peak in the patterns, which
is absent during the ®rst cycle.

The existence of a broad anodic wave or two an-
odic maxima in the studied potential range may be
interpreted in the framework of the site distribution
model for hydrogen storage in amorphous materials
[23]. Water electroreduction occurs at highly elec-
trocatalytic sites at the surface. After charging, hy-
drogen atoms di�use into the bulk trying to occupy
sites with lower energies, that is, to achieve a more
stable state. As seen from Fig. 1, except the sites from
which desorption of initially sorbed hydrogen takes
place, additional amount of hydrogen atoms occupy
new sites and form stronger bonds with the electrode

material as a result of the electrical force applied. The
voltammogram pattern changes until equilibration of
the population occurs.

The amount of charge passed during discharge is
proportional to the hydrogen content in the elec-
trodematerial. Therefore, the ratio between the charge
estimated by integrating the area under the anodic
wave in a given cycle and that obtained in the ®rst
cycle may be used to evaluate the change in hydro-
gen content. An increase in the ratio up to a constant
value of about 1.7 in the last cycles is obtained,
from Fig. 2. This shows that an electrochemical
activation of the electrodes can be achieved by
repeated cycling.

Such activation (30 cycles) of the samples was
carried out in the range )1.2 and )0.5V vs Hg/HgO
at a sweep rate of 5mV s)1 and the electrodes were
then charged at constant current density. After
charging, the open circuit potential shifted about
100mV negatively. Such a shift in Eoc was predicted

Fig. 2. Amount of electricity estimated by integrating the area
under cathodic (s) and anodic (d) peaks in cyclic voltammograms
obtained with CoxByHz electrode sintered at 300 °C. Sweep rate
5mV s)1; 20% KOH solution.

Fig. 3. Cyclic voltammograms of CoxByHz electrode sintered at
200 °C with di�erent cathodic switching potentials. Sweep rate
5mV s)1; 20% KOH solution: (a) 1st cycle and (b) 5th cycle.
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by simulation [22] and observed experimentally [24]
for hydrogen-sorbing materials.

Totally charged electrodes were discharged at
constant current and the changes in potential with
time were recorded. A typical discharge curve is
presented in Fig. 6. The ¯at plateau observed may be
associated with oxidation of adsorbed hydrogen at-
oms. The consumption of the latter produces di�u-
sion of hydrogen atoms from the bulk electrode to
the surface. When the rate of di�usion becomes
smaller than that of the electron transfer step, elec-
trochemical desorption begins to occur from lower
energy sites and the potential shifts positively.

The discharge capacity estimated from the
chronopotentiograms obtained is 250�10mAhg)1,
which is equivalent to oxidation of 1.7mmol hydro-

gen per gram electrode material. This amount exceeds
the initial hydrogen content in the powder by about
70%. Such an increase in hydrogen content is in a
good agreement with the value estimated from the
cyclic voltammetry. Obviously, the increase in hy-
drogen in the electrodes tested is due to the electro-
chemical charging performed. Almost an equivalent
reduction in boron content (0.8mmol per g) after the
electrochemical treatment was determined [25]. It
may be assumed that electrochemical charging causes
a competition between hydrogen and boron atoms
for occupation of available sites in the metallic host,
similar to that during nanoparticle production [10].
Thus, the hydrogen storage probably occurs by ex-
change with boron atoms.

4. Conclusions

The electrochemical performance of electrodes pre-
pared from amorphous CoxByHz nanoparticles
without additives in a strong potassium hydroxide
solution was studied.

Cathodic and anodic peaks assigned to electro-
chemical adsorption and desorption of hydrogen,
respectively, were observed on the cyclic voltammo-
grams obtained. The repeated cycling led to an in-
crease in hydrogen content, may be used as an
activation procedure. A similar increase in hydrogen
content was obtained from the discharge
chronopotentiograms recorded. The almost equal
decrease in boron content, determined after electro-
chemical treatment, indicates a possible exchange of
boron with hydrogen atoms in the metallic host.

Although nanoparticles were chosen as a model
system to elucidate the electrochemical performance
and possibility for battery application of these ma-
terials, the relatively large values of the discharge
capacity obtained suggest the potential for practical
use.

Fig. 4. Cyclic voltammograms of CoxByHz electrode sintered at
200 °C; the potential is swept only in the positive region towards
the open circuit potential, Eoc. Sweep rate 10mVs)1; 20% KOH
solution.

Fig. 5. Cyclic voltammograms of CoxByHz electrode sintered at
200 °C with di�erent potential sweep rates.

Fig. 6. Chronopotentiometric discharge curve for CoxByHz elec-
trode sintered at 300 °C. Discharge current density 50mAg)1.
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