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Fast-recharge '3D' lithium-ion battery
prototype could be perfect for electric cars

March 31 2011

The next-generation battery, like next-generation TV, may be 3-D,
scientists reported here today at the 24 1st National Meeting and
Exposition of the American Chemical Society (ACS). They described a
new lithium-ion (Li-ion) battery, already available in a prototype version,
with a three-dimensional interior architecture that could be perfect for
the electric cars now appearing in auto dealer showrooms.

The 3-D Li-ion battery recharges in minutes, rather than hours, and
could bring closer the day in which electric cars can recharge as quickly
as gas-powered vehicles "fill it up" at the pump. The 3-D format could
be the basis for more powerful, longer-lasting batteries for scores of
other rechargeable electronic devices, scientists said.

Study leader Amy Prieto, Ph.D., said the research team has a 3-D
prototype, about the size of a cell phone battery, that takes about 12
minutes to recharge compared to two hours for a conventional lithium-
ion battery. The battery also can be discharged over twice as many times
as a conventional lithium ion battery at high discharge rates, she added.

"The time needed to recharge cell phones, laptops and other electronics
products certainly can be an occasional nuisance," Prieto noted.
"However, it certainly doesn't keep anyone from buying these products.
Recharge time may be a much more important factor for electric cars.
You make a rest stop on the turnpike, and you want to recharge quickly,
just like you fill-it-up at the gas pump. It's going to take a new
generation of batteries to do so, and we hope our 3-D battery is poised to
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be at the forefront. If our battery works to its potential, it could be the
ideal battery for an electric car."

Prieto's research at Colorado State University in Fort Collins, Colo., is
part of a larger scientific quest to improve Li-ion batteries, which
already outperform their nickel-cadmium (NiCad) cousins in many
ways. Li-ion batteries, for instance, pack twice as much energy per
ounce as NiCads; their high cell voltage of 3.6 volts allows battery pack
designs with only one cell, and there is no "memory effect" that limits a
Li-ion's ability to fully recharge.

Their solution involves a fundamental change in the battery's interior.
Conventional Li-ions are composed of graphite, a form of carbon that
serves as the anode (negative electrode), a lithium compound that serves
as the cathode (positive electrode), and an electrolyte that separates the
electrodes. The electrodes are arranged in multiple, thin layers, like a
stack of pancakes. Lithium ions (electrically charged particles of
lithium) move from the carbon anode through the electrolyte to the
lithium cathode during discharge and back when recharging. However,
that configuration accounts for the Li-ion's major disadvantages: They
tend to recharge slowly, have a limited life (about two years), and
require special built-in circuits to prevent overheating.

Preito's team did some reconfiguring in an attempt solve these problems.
They replaced the graphite anode with nanowires of copper antimonide,
a metallic material composed of copper and antimony. The nanowires,
each barely 1/50,000th the width of a single human hair, have an
enormous surface area and can store twice as many lithium ions as the
same amount of graphite per unit volume. The nanowires also are more
chemically stable than graphite and also more heat resistant.

Their prototype 3-D battery is about the size of a cell phone battery.
Inside the battery, they arranged the nanowires into a tightly-packed,
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three-dimensional structure resembling the bristles of a hair brush. For
the final configuration, the nanowires will be coated with a thin layer of
electrolyte — the material the separates the anode from the cathode —
and surrounded with conventional cathode material made of lithium.

Laboratory tests showed that the first prototype (which is not
interdigitated yet) could recharge in as little as 12 minutes compared to
two hours for a standard lithium-ion phone battery. Prieto said the
battery should have a life span over double that of existing lithium ion
batteries. Commercial versions of the battery would be thinner and
lighter than equivalent Li-ion batteries, because the 3-D version holds
more lithium per unit volume.
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