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Li-ion batteries have an important role in the field of sustainable power sources, especially for
portable consumer electronics. Technology developed to date, based on graphite and LiCoO,, gained
popularity mainly due to a high power output delivered by a single cell which operates at voltage levels
between 3 and 4 Volts.

Batteries using this technology dominate in applications such as mobile phones and laptop
computers- A lithium-ion battery has four times the energy density of lead-acid batteries and two to three
times the energy density of nickel-cadmium and nickel-metal hybrid batteries, and is potentially one of the
lowest-cost battery systems. Its further expansion into the field of high drain devices such as cordless tools,
electric bicycles and even hybrid electric vehicles (HEV) is, however, hindered at this time by relatively high
costs and safety issues (LiCoO, is expensive and not safe with overcharge). These obstacles are rather of
engineering character and may be overcome by development of new generation of Li-ion batteries.

This project addresses the need for a new generation of Li-ion batteries. It is focused on
development of new nanostructured electrode materials; their post-synthesis modification for optimized
performance in Li-on batteries; and their practical implementation into technological process by construction
of prototype batteries.

To achieve these goals two approaches have been adopted in this project. The first one deals with
low temperature synthesis of novel nanocrystalline electrode materials. The second approach focuses on
optimization of the electrode/electrolyte interface compatibility to improve the cyclability of the battery.

Nanopowdered phosphate-based materials are chosen in the project as safe cathodes for these
advanced Li-ion batteries. In addition to lower cost and higher stability than LiCoO,, their synthesis as
nanostructured materials will lead to high power density cathodes, as the high specific surface area of such
materials allows decreasing the actual current density while keeping the desired current output of the
electrode. Additionally, the small particle size of the insertion materials decreases the characteristic diffusion
lengths allowing for faster charge/discharge. In the aim of high power density batteries with high charge rate,
nanocrystalline Li-Ti-O and iron oxides are therefore selected as anode materials. The nanosized materials
may in this way allow for construction of Li-ion batteries delivering the same power density, operating at
significantly lower voltage and thus enabling extended battery life time.

The second approach deals with the improvement of the graphite/electrolyte interface in order to
increase the performance of this conventional anode against the chosen phosphate cathode. In this regard,
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innovative supramolecular compounds based on silicon are studied as well as methods of chemical pre-
treatment of graphite surface. This will lead to new electrolyte additives for propylene carbonate-based

electrolytes, as well as graphite nano-engineered surfaces to be used in cheaper Li-ion batteries with
improved low-temperature performance.

The viability and feasibility of the above described development is demonstrated by realization of
battery prototypes. This activity is managed by the industrial parther CEGASA (ES), battery manufacturer
leading the project. The chosen materials and development stands on the expertise in electrochemistry and
Li-ion batteries of three research institutes: CIDETEC (ES), CLAIO (PL) and HEYROVSKY INTITUTE (CZ2),
each of them with highly qualified personnel and previous experience in the area.
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