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Storing electricity 

It looks good on paper 
Aug 14th 2007 

From Economist.com 

Cellulose and nanotubes combine to bring flexible batteries to the world 
 
ELECTRICITY-storage devices are getting more flexible, in a literal sense as well as in 
their design. This week sees the unveiling of the most robust but flexible battery 
ever. Pulickel Ajayan and his colleagues at Rensselaer Polytechnic Institute in New 
York made it by mixing carbon nanotubes (cylindrical, electrically conductive 
molecules made of carbon atoms) with cellulose, the stuff of paper. The result, which 
they report in this week’s Proceedings of the National Academy of Sciences, is an 
energy store that is cheap, flexible and paper-thin. 

Broadly speaking, devices for storing electricity come in two varieties: batteries and 
capacitors. Batteries contain lots of incipient electricity in the form of chemicals that, 
when they react, can be used to generate an electric current. Such “high energy 
density” devices, however, release their potential slowly. For a short, sharp shock a 
capacitor is better. This is a low energy-density device, which stores electricity 
directly by charging two conductive plates with static. One plate is positive, the other 
negative. When the plates are connected as part of a circuit, the charge flows rapidly 
between them and produces a far more powerful current than a battery. This is ideal 
for applications such as camera flashes. 

The delightful thing about Dr Ajayan’s 
device is that with suitable tweaking it 
can be used as a capacitor, a battery, 
or both. A sheet containing two layers 
of nanotubes acts as a capacitor (each 
layer is a plate). A sheet containing 
one layer, but with a coating of 
metallic lithium on the other side, acts 
as a lithium-ion battery. A sheet with 
two layers of nanotubes and a lithium 
coating can be switched from one 
application to the other as required. 

The crucial component for making this 
material is an exotic solvent called 1-
butyl, 3-methylimidazolium chloride. 
This molecular mouthful has the rare 
ability among solvents of being able 
both to dissolve cellulose and to act as 
an electrolyte—that is, a chemical that 
can carry charge between the electrodes of a battery in the form of charged 
molecules, or ions. It is thus integral both to the manufacturing process of the device 
and to its operation.  

The result is a material that works at temperatures from –80°C to 180°C, and can be 
rolled up, folded or cut like paper with no effect on its performance. It could be 
attached to folding solar panels of the sort used in space missions, and back on Earth 
it could provide portable power in deserts or at the poles. 

The three-layer version, in particular, provides a unique hybrid power supply. It has 
the characteristics needed for applications that require both high-power pulses and 
steady, battery-like flow. Moreover, it provides them both while charging and while 
discharging. Hybrid cars are one such application. Many use dynamos to recover their 
energy of motion when they brake. The recovered energy is normally stored in a 
battery. However, such a car needs a burst of energy to get going again. Dr Ajayan’s 
device could provide this more effectively than a conventional battery. 

Like the cells of a conventional battery, layers of supercapacitor can be stacked 
together to increase output. Unlike conventional batteries, however, no poisonous 
chemicals are used to make Dr Ajayan’s device. That makes it promising for medical 
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applications. Cellulose, which makes up more than 90% of the weight of the devices, 
is already used in implants. Carbon nanotubes are not fully tested in medical 
applications, but should be inert. And the researchers did some preliminary 
experiments using body fluids such as blood and sweat as electrolytes (having 
sweated the 1-butyl, 3-methylimidazolium chloride out first), and obtained 
encouraging results. 

The next phase is to scale up the manufacturing process, with the aim of making the 
material rather as you would convert wood-pulp to newsprint. When you need more 
portable power, you may one day just pull some off a roll, and go. 
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