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Abstract

Two different strategies are outlined to develop both high energy density and space-efficient batteries, including the most widely applied
rechargeable nickel-metal hydride (NiMH) and Li-ion batteries. The hydrogen storage capacity of fluorite-structured Mg-containing com-
pounds are shown to have a reversible electrochemical storage capacity of more than four times that of the commonly used MischMetal-based
AB5 compounds in NiMH, i.e. 1500 mAh/g (5.6 wt.%). The formation of octahedral sites within the crystal lattice is argued to be very
crucial for the improved kinetics of hydrogen absorption and desorption. It is shown that the fluorite-structure can be conserved with both
precious Sc and the less expensive Ti up to a Mg content of 80 at.%. Both thermodynamic and kinetic data are presented in relation to
the materials composition. In addition, the development of preshaped batteries, as the first step to battery integration, has contributed to a
much higher level of design freedom for portable electronic equipment. The manufacturing process of preshaped batteries will be described
together with their electrochemical characteristics. Advantageously, the mechanical stability is provided locally by polymer rivets, allowing
to get rid of heavy metallic casings and to make use of a much wider range of battery shapes.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The use of portable electronic equipment has been rapidly
growing during the last two decades. This has, on the one
hand, been accomplished by the strong development of
microelectronics and, on the other hand, by the successful
introduction of high energy density rechargeable batteries,
such as nickel-metal hydride (NiMH)[1–3] and Li-ion[4,5].
NiMH is reported to have a more than 50% higher volumet-
ric and gravimetric energy density than conventional NiCd
batteries whereas, in particular, the gravimetric energy den-
sity for Li-ion has been improved even further, making this
latter system very attractive for portable applications[6].
Despite the fact that there is an ongoing tendency towards
miniaturisation, resulting in a significant power reduction
this is, however, counterbalanced by the strong trend towards
more build-in functionality of portable equipment. For ex-
ample, the introduction of full-colour displays and various
video applications in portable phones are power-consuming
features. Consequently, at present the power consumption
is significantly overruling the power reduction, clearly
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indicating that a further increase of the energy density of
rechargeable batteries is not only a desire but a necessity.

Another aspect, which is becoming very important, is
the freedom of the design for portable electronic products.
This design is experienced to be one of the leading selling
points, distinguishing products from competing manufactur-
ers. However, it is nowadays common use that the design
is adapted towards the shape of commercially available bat-
teries. Since nowadays mainly cylindrical and rectangular
shaped cells are available in the market this put some seri-
ous limitations to the freedom of product design. We, there-
fore, considered another, rather unconventional, approach:
explore the possibility to adjust the battery shape towards
the electronic end product.

Several strategies can be adopted to further increase the
energy density of rechargeable batteries. Developing new
materials and battery integration are evidently interesting
options. In this paper we will focus on both aspects: one
part will be devoted to the development of new dense,
hydride-forming, materials to be applied in NiMH bat-
teries and possibly as hydrogen storage material in fuel
cells [7–9] and the other part will be related to the de-
velopment of so-called preshaped Li-ion-based batteries
[10,11].
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In order to compete with the high gravimetric energy
density of present-day Li-ion batteries new, light-weight,
hydride-forming materials are under development at our
laboratory, which can store more than four times the hy-
drogen content than the LaNi5-type hydride-forming com-
pounds nowadays widely applied in commercial NiMH
batteries. Based on our “switchable mirror” research[12,13],
Mg-based compounds were found to reveal a very high and
electrochemically reversible hydrogen content[14,15]. In
contrast to the frequently investigated Mg-compounds these
compounds do have a more favourable crystallographic
fluorite-structure enhancing the kinetics significantly. Elec-
trochemical and crystallographic results of these materials
will be presented.

Another way to increase the energy storage efficiency is
not to take the batteries as starting point but to start with
the (portable) electronic equipment, which have to be pow-
ered. Very often the shape and hence the design of portable
electronic equipment, is “dictated” by the shape of the bat-
teries or battery packs. A lot more freedom of design can
be obtained when the shape of the batteries is adapted to
that of the equipment. With this in mind we have recently
developed so-called “preshaped” batteries. Based on con-
ventional Li-ion technology, the Lithylene rivet technology
has been developed[10,11], which can, on the one hand, be
used to produce very flat, large area, batteries and, on the
other hand, to manufacture curved batteries, which perfectly
fit into the housing of electronic equipment, cars, etc. The
principles of this new approach will be outlined and demon-
stration models will be shown.

2. Experimental

2.1. Hydrogen storage materials

All catalyst-doped Sc-containing materials were prepared
from the melt by mixing the appropriate amounts of starting
elements under purified argon and subsequently annealing
the samples inside a Mo-crucible for 4 days at 450◦C [16].
The Ti-containing materials, on the other hand, were pre-
pared by ball milling the individual hydrides under a con-
trolled hydrogen atmosphere (7 bar). Details about various
aspects of the materials preparation will be reported in a
separate paper[17].

Powders were obtained by crushing and filing the
Sc-materials. Obviously, powdered materials were directly
obtained in the case of the Ti-materials. All materials
were characterised by conventional techniques like XRD,
scanning electron microscope (SEM), electron probe mi-
cro analyses (EPMA), to investigate their homogeneity,
phase-formation/separation, etc.[16]. Only the powders
that passed through a 50�m sieve were used for the elec-
trochemical experiments. Electrodes were made in our stan-
dardised way[3,18] by mixing the Mg-based powders with
either Ni or Ag powder in the ratio of 1 to 5, respectively,

and pressing the powders under controlled conditions into
pellets. Ag is sometimes used because it has a substantial
larger stability window than Ni[19].

All electrodes were tested in conventional thermostated
three-electrode cells[3] containing 6 M KOH. Conventional
electrochemical experiments, including galvanic interrup-
tion titration technique (GITT), were performed at 25◦C
and using an Hg/HgO (6 M KOH) reference electrode. All
electrode potentials in alkaline electrolytes refer to this ref-
erence.

2.2. Preshaped batteries

The developed Lithylene technology can be applied to
both flat and preshaped Li-ion batteries. The advantage
of this technology is that it can simply make use of ex-
isting, commercially available, materials. In the present
work we used commercial electrodes, separators and elec-
trolytes, nowadays widely applied in Li-ion technologies,
i.e. conventional graphite anodes, separator (Celgard) and
LiCoO2 cathodes[10]. Since the technology is stack-based
both single-sided (ss) electrodes and double-sided (ds)
electrodes are applied to the exterior and interior of the
battery stack, respectively. The electrodes are either me-
chanically or laser cut. Prior to the electrode assembly
small holes with diameter of 0.95 and 1.25 mm for the
anode and cathode, respectively, are either punched or
laser cut. The distance between the rectangular positioned
holes are, in this example, 5 mm[11]. Both the diameter
and the repeating distance are not fully optimised but the
stack integrity appeared to be very good for the chosen
dimensions.

Heating the applied polymer forms an integer stack after
which the stack is packed into a polymer-coated Al foil. Sub-
sequently, the stack is impregnated with a conventional elec-
trolyte (1.0 M LiPF6 in EC/DEC/DMC (40:20:40 wt.%)).
The details how preshaped batteries are constructed will
be further outlined in the results section (see also Ref.
[11]).

After battery preparation the cells were formed for
at least three cycles by the conventional low-current
constant-current–constant-voltage (CCCV) charging and
CC discharging. The electrochemical characteristics were
also determined by applying conventional CCCV-charging
and CC-discharging. CCCV consisted of 0.2 C-rate charg-
ing till 4.2 V and CV charging continues till the current had
dropped to 0.05 C. After a resting period of 30 min, the bat-
teries were discharged at 0.2 C till the cut-off voltage of 3 V
was reached. The rate-capability tests were performed using
the above standard charging and varying discharging condi-
tions at room temperature. In order to obtain a well-defined
starting condition the batteries were additionally discharged
with a low-current in all cases (0.2 C). The cycle-life tests
were performed by (dis)charging with 0.5 C. To get infor-
mation about the total available capacity, the (dis)charging
current was decreased to 0.2 C every tenth cycle.
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3. Results and discussion

3.1. Hydrogen storage materials

A typical galvanostatic charging and discharging ex-
periment of an Mg0.8Sc0.2Pd0.024 electrode, inside an
Ag-matrix, is shown inFig. 1A. Charging is performed at
a relatively high rate of 250 mA/g. Two regions can be dis-
tinguished in charging curve (a), the first one at a potential
of about−1.1 V at which water reduction is accompanied
by hydride-formation, according to:

H2O + e− ↔ Had + OH− (1)

Had ↔ Habs (2)

Fig. 1. Typical galvanostatic electrode cycle of an Mg0.8Sc0.2Pd0.024 elec-
trode (A). Constant-current (250 mA/g) charging (a) is followed by a
resting period (b) of 30 min allowing the electrode to relax to the equilib-
rium state before a constant discharge current (50 mA/g) is commenced
(c). After the cut-off voltage of−0.1 V is reached the electrode is put un-
der open-circuit condition again (b). Subsequently, deep-discharging with
10 mA/g is initiated (d). (B) Voltage discharge curves vs. the amount of
extracted charge.

followed by a second plateau region where hydrogen atoms
recombine to molecular hydrogen gas.

2Had ↔ H2(g) (3)

This latter plateau region indicates that the electrode is fully
hydrogenated. After charging is completed the electrode is
allowed to relax towards the open-circuit period (curve b).
An open-circuit potential of about−926 mV indicates that
the partial hydrogen pressure is close to 1 bar[3]. Subse-
quently, the electrode is discharged with 50 mA/g (curve c).
After the cut-off voltage of−0.1 V has been reached the elec-
trode is again put at rest (curve b). Additional low-current
deep-discharging (10 mA/g) allows the electrode to release
some extra amount of hydrogen (curve d).

In Fig. 1Bthe same results are plotted as a function of the
released amount of electrical charge (Qd). It is important to
note that the major part of the hydrogen is already oxidised
during the high-current discharge period (curve a). Some
15% of the stored hydrogen is additionally removed at the
lower discharge rate (curve b), most likely due to transport
limitations. The total amount of reversibly discharged hy-
drogen (Qd) amounts to 1500 mAh/g hydride-forming ma-
terial. This corresponds to reversible hydrogen content of
H1.73 or 5.6 wt.%! It should, however, be noted that, even
under these low-current conditions, not all hydrogen could
be released from the electrode. A small part of hydrogen
is so tightly bonded to the crystal lattice that it cannot be
removed under these ambient conditions. This has been re-
ported before for other hydride-forming rare-earth materials
[12,20] and the present Mg-based compounds[9].

It has been argued before that the presence of a highly
electrocatalytic material such as Pd is extremely important
to drive the electrochemical charge transfer reaction. This
holds for both thin film and bulk materials[3,12]. It has been
reported that the discharge capacity of the present materi-
als decreases dramatically when the Pd-content is lowered.
Our results indicate that substantial gain can be reached by
further optimising with respect to both catalyst content and
catalyst distribution.

The influence of the materials composition on the
high-current (50 mA/g) discharge capacity is shown in
Fig. 2. Obviously, the discharge capacity increases dra-
matically with increasing Mg-content. Two voltage regions
can be clearly distinguished in the discharge plots. Dur-
ing the initial stages of the discharge process a sloping
plateau region can be discerned. The extent of this slop-
ing region is clearly dependent on the Sc-amount: the
smaller the Sc-content the smaller this region. Further-
more, the voltage level is higher for the Sc-rich materials.
Whether this is related to thermodynamic or kinetic as-
pect cannot be concluded from these experiments. The
second voltage plateau region is typical for a phase sep-
aration process, which is often found in electrochemi-
cal hydride-formation/decomposition reactions[3,21,22].
Strikingly, the voltage level of these plateaux is almost
independent on the materials composition, indicating that
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Fig. 2. Voltage discharge curves resulting from constant-current (50 mA/g)
discharging electrodes with varying composition MgxSc1−xPd0.024. The
Mg content (x) was varied in the range of 0.5 and 0.8; 0.5 (a); 0.6 (b);
0.7 (c) and 0.8 (d).

irrespective of the composition the partial hydrogen pres-
sure is more or less fixed.

Fig. 3 shows the dependence ofQd on the materials
composition obtained after high-rate (50 mA/g) discharging
(curve a) and additionally low-rate (10 mA/g) discharging
(curve b). In agreement withFigs. 1 and 2the discharged
capacity increases with increasing Mg-content. A maxi-
mum of 1500 mAh/g is reached for Mg0.8Sc0.2Pd0.024. It
has been analysed by means of XRD that materials with
an Mg-content in the range of 0≤ Mg ≤ 0.8 have a cubic,
fluorite-structure[9]. When the Mg-content goes beyond
this maximum the kinetics of the hydride decomposition
reaction decreases dramatically to very lowQd values for
pure Mg. Strikingly, in line with this observation the crys-
tallographic structure was found to change from fluorite
to the Mg-familiar rutile-structure (Fig. 3). The kinetics

Fig. 3. Discharge (a) and deep-discharge (b) capacities (Qd) for electrodes
with varying composition MgxSc1−xPd0.024 with Mg content (x), ranging
from 0.5 ≤ x ≤ 1. The crystallographic regions as derived from XRD are
also indicated.

of conventional Mg-based materials is indeed reported to
be extremely poor and is generally considered as one of
the most problematic limitations of the commonly investi-
gated Mg-based compounds[23]. It has been argued that,
the present fluorite-structures are one of the key factors to
ensure favourable hydrogenation kinetics[9].

Both the thermodynamics and kinetics of the various Mg
compounds have been investigated by GITT. After a pulse
charging period the electrode were allowed to equilibrate.
The dependences of the equilibrium voltage on the level of
discharging are shown inFig. 4A. The results are very close
to the results obtained under current flowing conditions as
shown in Fig. 2. Again a sloping, compositional, depen-
dent region can be distinguished during the initial stages
of discharging at high hydrogen content, subsequently, fol-
lowed by a flat, two-phase, plateau region. Adopting the
well-known relationship between the equilibrium voltage
(Eeq

MH) and the partial hydrogen pressure (PH2),

E
eq
MH = −0.926− RT

nF
ln

PH2

Pref
(4)

a plateau pressure of the order of 10−6 to 10−7 bar can be
calculated wherePref refers toPref = 1 bar ≈105 Pa [3].
This value is in good agreement to what is expected for pure
Mg-hydride at room temperature[24].

The results ofFig. 4A suggests that the voltage plateau
region is due to the complete dehydrogenation of MgH2
whereas during the initial stages of the discharge process
the Sc-trihydride compound is only partly converted into
Sc-dihydride. Adopting this simple reaction scheme yields
the following equation for the reversible hydrogen storage
for the present, fluorite-structured Mg-based compounds:

MgxSc1−xH2(1−x) + (x + 1)H2O + (x + 1)e−

↔ MgxSc1−xH3−x + (x + 1)OH− (5)

For the sake of simplicity we herewith assume that the
Pd-hydride does not significantly contribute to overall stor-
age capacity and is, therefore, left out ofEq. (5). The total
discharge capacities found in the fluorite region (Fig. 3) are
in fair agreement with such elementary model. A reversible
hydrogen storage capacity of H1.73 for Mg0.8Sc0.2Pd0.024 is
indeed, according toEq. (5), close to what is expected for
x+1 (=1.8). It is furthermore to be expected that a decrease
of the Mg-content reduces the storage capacity, as indeed is
found inFig. 3.

Fig. 3shows that the hydrogen kinetics at/inside the fluo-
rite structure is much more favourable than the rutile struc-
ture. Hydrogen can occupy both tetrahedral and octahedral
sites in these fluorite-based materials. The octahedral sites
are argued to be essential for this favourable transportation
mechanism and are promoted by the introduction of trivalent
metals, like Sc[8,9]. During the discharge process the hydro-
gen located at the octahedral sites are thought to be removed
first (see structure of fully charged electrode inFig. 4A). In-
terstitial tetrahedral bounded hydrogen would then become
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Fig. 4. Equilibrium voltage curves obtained during GITT discharging experiments (A) at 25◦C for MgxSc1−xPd0.024 containing electrodes with
0.5 ≤ x ≤ 0.8; 0.5 (a), 0.6 (b), 0.7 (c) and 0.8 (d). The crystallographic changes induced by the discharging process and measured by ex situ XRD are
indicated for the high capacity Mg0.8Sc0.2Pd0.024 material. (B) Dependence of the exchange current (Io) on the electrochemical discharge level (Qd). The
inset shows a typical current/voltage measurement from whichIo has been calculated.

highly mobile by hopping along the large empty octahedral
sites within the structure. Following the discharge curve, part
of the tetrahedral sites is subsequently discharged.

In addition, the exchange current was measured at each
equilibrium open-circuit voltage along the GITT experi-
ment. The result shown inFig. 4B, reveals a bell-shaped
curve. This is in line with the mathematical considerations
described before[3,25]. Comparing theseIo measurements
with those reported before for LaNi5-type compounds
indicates that the charge transfer kinetics of the present
Mg-based compounds is still about a factor of 6 lower
[18]. It should, however, be noted that for the present
Mg-compounds the catalyst distribution has not been op-
timised yet, as was clear from microscopic investigations
[9,16]. On the other hand exchange current measurements

at rutile-structured Mg-compounds were found to be ex-
tremely low. The good kinetic results do not give, however,
a full understanding of the improved transport properties.
Both optimisation and more detailed transportation mea-
surements are in progress.

In conclusion, Fig. 5 shows a comparison of the
high-rate discharge behaviour of a conventional AB5-type
electrode with that of the present fluorite-structured
Mg0.72Sc0.28(Pd0.012Rh0.012) electrode. In this compound
the Pd-catalyst has been replaced by a mixture of PdRh,
which turned out to be more beneficial. Evidently, the
gravimetric storage capacity has been increased by more
than a factor of 4, indicating that the hydrogen storage
capacity has been increased from about 1.2 to 5.6 wt.%. It
should, however, be noted that the electrochemical cycle-life
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Fig. 5. Comparison of the galvanostatic (50 mA) discharge curves for a
conventional AB5-type electrode material (a) and the newly developed
Mg-based Mg0.72Sc0.28 (Pd0.012Rh0.012) compound (b).

performance of the present materials is not yet optimised.
For example, Sc-containing (Mg0.65Sc0.35Pd0.05) electrodes
are found to loose approximately 50% of its initial storage
capacity after 50 full electrochemical charge and discharge
cycles. The origin of this capacity loss has been investigated
by means of EPMA and could be attributed to the oxidation

Fig. 7. Schematic representation of how a Lithylene battery is constructed (A). Optical microscopic cross-section of the stack prior to the annealing step
(B) and just after annealing and subsequent cooling (C).

Fig. 6. Comparison of the galvanostatic (50 mA/g) discharge curves for
not yet optimised, Mg-based, Sc-containing Mg0.5Sc0.5Pd0.024 (a) and
Ti-containing Mg0.5Ti0.5Pd0.024 (b).

of the hydride-forming electrode particles in the electro-
chemical environment, making the surface of these particles
no longer active for hydrogen absorption. It should, how-
ever, be emphasised that the stability of gas-phase storage
might be much better as the aggressive alkaline medium
is then excluded. This latter issue might be of special
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Fig. 8. Upper and lower parts of the preshaped riveting tools (A) and examples of flat and preshaped, laser-cut electrodes, clearly revealing the pattern
of the 1 mm holes (B).

importance for storage applications related to fuel cells.
The impact of the kinetic and corrosion properties in both
electrochemical and gas-phase media will be subject for
further investigations.

One drawback of the present materials is that both the
noble catalysts and Sc are rather expensive. We, there-
fore, directed our research to replace the precious Sc by
a more low-cost material while preserving the favourable
fluorite-structure of the Mg-compounds.Fig. 6 shows a
preliminary result of this investigation. It compares the
result of an Sc-based and a Ti-based electrode material.
Although it should be emphasised that this is one of the
very first experimental attempts it is clear that the discharge
curves of both compounds are very similar. In addition,
XRD measurements showed that both compounds reveal
the same fluorite structure. These results indicate that new
ways have been opened to further explore the capabilities

of this interesting class of Mg-based hydride-forming
compounds.

3.2. Preshaped batteries

The principle of the Lithylene technology is schemati-
cally represented inFig. 7A, revealing a stack of the indi-
vidual components. A single-sided LiCoO2 cathode forms
the basis of the stack. A double-sided graphite anode is, sub-
sequently, positioned on top of the cathode that is followed
by a double-sided positive electrode. The stack can be then
repeated, ending up with the final single-sided cathode and
the rivet polymer sheet. As can be seen inFig. 7A, each
of these electrodes has already been punched with small
holes. The required separators are placed in-between the
positive and negative electrodes in order to prevent short cir-
cuit. A cross-section of the as-prepared stack is shown in
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Fig. 9. Example of an as-prepared preshaped Li-ion battery (A) and the preshaped battery positioned inside the plastic housing of a portable, electronic,
equipment (B). Note that the battery fits perfectly well inside the housing and that the radius of the battery is continuously changing.

Fig. 7B. Melting them with hot needles subsequently opens
the separators locally bridging the holes. Afterwards, the
stack together with the rivet polymer sheets that are applied
to the exterior of both single-sided positive electrodes is
placed in-between a hot press at 120◦C for 2.5 min. Dur-
ing this so-called riveting process, the polymer melts and
penetrates each of the holes under the specified heating and
pressure conditions. After cooling under pressure, the poly-
mer hardens, keeping the cell’s active materials together and
providing a very mechanically stable battery structure. The
cross-section after cooling is presented inFig. 7C.

The most important character of this technology is that
the stack can be preshaped during the riveting step. This
can simply be achieved by using preshaped riveting tools
(Fig. 8A) and, dependent on the shape of the battery, pre-
shaped flat electrodes (Fig. 8B). After packaging into an

Fig. 10. Typical CCCV-charging and CC-discharging cycle applied to the 750 mAh preshaped battery shown inFig. 9 at 25◦C. Apart from the current
(I), curve (a), the resulting battery voltage (V), curve (b), is also indicated.

impermeable polymer-coated Al foil, impregnation of the
electrolyte and evacuation, the final step of the prepara-
tion procedure is sealing the battery. An example of an
as-produced preshaped battery is shown inFig. 9A. The ra-
dius of the battery is, in this example, continuously changing
from 1.45 to 1.72 cm and, consequently, it fits perfectly well
into the housing of a portable electronic device, asFig. 9B
reveals. In this way the scarce empty space inside the of-
ten small-sized electronic products can be utilised much
more efficiently. Compared to conventional Li-ion batteries
a higher specific energy density can be obtained with the
present polymer rivet technology since the metallic cans,
essential to maintain the mechanical integrity of these sys-
tems, can be replaced by locally operating polymer anchors.

A conventional CCCV (dis)charging cycle is shown in
Fig. 10. Both the current and voltage responses are shown
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Fig. 11. Voltage discharge curves of a preshaped Li-ion battery (750 mAh)
upon discharging at various loads at 25◦C: 0.2 C (a), 1 C (b), 2 C (c) and
3 C-rate (d). The standard charging conditions were the same in all cases.

and reveal that the result is very similar to what is normally
found for conventional Li-ion batteries, as expected.

The results of rate-capability measurements are shown
in Fig. 11. At a 0.2 C discharge rate (curve a), the battery
delivers 750 mAh, which is in good agreement to what is
expected on the basis of the theoretical capacity, and is there-
fore, to be considered as the nominal capacity of 100%. Dis-
charging with 1 C the voltage drops and the battery delivers
95% of its nominal capacity (curve b), which is comparable
to some commercial Li-ion batteries. The voltage decreases
further and the discharge capacity drops more significant
at a 2 and 3 C rate to 500 and 290 mAh, viz. 66 and 39%
of the nominal capacity, respectively. Compared with some
commercial Li-ion batteries, the discharge capacity of pre-
shaped batteries at high C rate is relatively poor[26–28]. As
mentioned before, all components, including the electrolyte
employed in preshaped batteries are commercial materials.
This means that the performance of the battery is, therefore,
mainly controlled by the properties of the materials available
in market. An additional advantage is that once new high
energy density electrodes become available these quickly
can be embraced by the present preshaped technology.

Fig. 12 presents the results of a cycle-life test of a pre-
shaped battery at room temperature. The initial storage
capacity is found to be close to 800 mAh and capacity de-
cays gradually upon cycling. After 400 cycles the capacity
is, however, still more than 85% of its initial storage capac-
ity. It is well-known that the electrodes experience severe
shrinkages and expansions upon cycling. This evidences
that the polymer rivets are indeed able to supply a very
good mechanical stability even under the long-term cycling
conditions. We compared these electrochemical results of
preshaped batteries with those obtained with flat Lithylene
batteries and found that the results are more or less the
same. The results are also in good agreement with those of
commercial Li-ion batteries, as expected.

Fig. 12. Cycle-life experiment for a preshaped battery under standardised
cycling conditions at 25◦C. The preshaped battery has a nominal capacity
of 750 mAh.

4. Conclusions

Two promising strategies to increase the energy density of
batteries are reviewed. The first concept is based on the de-
velopment of new lightweight hydrogen storage materials,
which can be applied as storage materials in both recharge-
able batteries and hydrogen driven fuel cells. In order to im-
prove the hydrogen mobility in magnesium-hydride it has
been successfully attempted to stabilise this compound in
the fluorite-structure by partially substituting the magnesium
with trivalent scandium or titanium. This has resulted in a
very high reversible electrochemical storage capacity of up
to 1500 mAh/g.

The second strategy is to adapt the shape of batteries to
that of the design of the electronic product. This has resulted
in the as-denoted preshaped batteries, which fit perfectly
well into the housing of electronic products, delivering a high
degree of design freedom. This interesting new technology
is based on the Lithylene rivet technology, through which
the mechanical strength of the electrode stack is supplied,
replacing the metallic can in conventional Li-ion batteries.
The preshaped Li-ion batteries reveal a high specific energy,
and most importantly they offer a large degree of shape
flexibility.
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