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Tin-sulfur-lithium-ion battery as alternative
to conventional lithium batteries

March 11 2010

(PhysOrg.com) -- A common problem with notebook computers is that
the battery delivers power for far too short a time, which only gets
shorter as it gets older. If you don’t take great care with your
rechargeable battery at all times, its life drains away quite fast. Improved
batteries that deliver significantly more energy, last longer, and are safer
are thus the subject of current research. Bruno Scrosati and Jusef
Hassoun at the University of Rome have now developed a highly
promising approach to a new variety of lithium-ion battery, which, as the
researchers report in the journal Angewandte Chemie, may fulfill these
criteria.

The dilemma is this: Mobile phones, notebook computers, smart phones,
and PDAs keep getting smaller, whilst their energy requirements grow.
The batteries can’t keep up. Theoretically, lithium-sulfur batteries would
be the energy source of choice, because they deliver significantly more
energy - by mass - than conventional lithium-ion batteries.

However, their practical application suffers from the fact that their
electrodes slowly dissolve, which results in a loss of capacity.
Furthermore, lithium metal can form dendritic deposits that cause short
circuits. This is why commercial “lithium” batteries do not contain
lithium metal electrodes, but a material that can absorb and then release
lithium ions, which is usually graphite. This type of lithium-ion cell
supplies energy by transferring lithium ions only and delivers less
energy.
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The Italian researchers would like to combine the advantages of both
types of battery to make long-lived, storable, safe, and easily produced
high-capacity batteries. Their new type of lithium-metal-free cell uses a
cathode (negative electrode) made of a carbon/lithium sulfide
composite. The organic electrolyte solution is replaced by a lithium-ion-
containing liquid enclosed in a gel-polymer membrane. The polymer
shields the liquid from the electrodes. The solution is also saturated with
lithium sulfide. Both of these measures minimize the dissolution of the
electrode components. For their anode (positive electrode), Scrosati and
Hassoun selected nanoscopic tin particles that are enclosed in a
protective carbon matrix.

The electrochemical process occurs as follows: At the cathode, lithium
sulfide is split into elemental sulfur and lithium ions. This process
releases electrons. The lithium ions migrate through the electrolyte
membrane to the anode, where they take up electrons to become
uncharged lithium atoms, which are then bound into an alloy by the tin
nanoparticles. The process is reversible so that the battery can be
charged again and again. With a specific energy of about 1100 W h/kg,
the new cell surpasses all previous lithium-metal-free batteries. With this
large value of energy density, this new battery may also finds its way as
power source of choice for electric vehicle applications.

More information: Bruno Scrosati, A High-Performance Polymer Tin
Sulfur Lithium Ion Battery, Angewandte Chemie International Edition,
dx.doi.org/10.1002/anie.200907324
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