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Nanotube Ultracapacitors – The Next Killer Technology?

In August of 2007, the Toyota Supra HV-R made history by becoming the first hybrid to win the 24-hour endurance race at Japan's Tokachi International Speedway, finishing with an impressive 19 laps ahead of second place, non-hybrid Nissan Fairlady Z (Greenemeier). Rather than running diesel or hydrogen, the Supra HV-R relied on advancing nanotechnology: nanotube-enhanced ultracapacitors (ibid).

In his article titled “The Charge of the Ultracapacitors,” Joel Schindall describes ultracapacitors as “souped-up versions of that tried-and-true workhorse of electrical engineering, the capacitor”. In a typical capacitor, negative and positive electrodes/plates are separated by a thin layer of non-conducting dielectric. When a voltage is applied, electric fields build up on the plates and electrons are deposited from one plate to the other. When a connection is establish between the plates, electricity flows from one plate to the other, supplying a short burst of energy. In an ultracapacitor, the plates are coated with active carbon (carbon chemically etched with holes), resulting in greater surface area and thus higher storage capacity. Schindall's group took that improvement one step further by replacing the activated carbon with dense forests of nanotubes. (Schindall 1-3)

Compared to activated carbon, forests of carbon nanotubes provide greater due to its higher surface-area-to-volume ratio and uniformity. The stable chemical structure of nanotubes makes them less chemically reactive than activated carbon, allowing operation at higher voltages, and the high conductivity of nanotubes allows them to store more energy than activated carbon. Replacing activated carbon with nanotubes would allow for ultracapacitors that have longer life spans, be able to provide more energy, and even perform better in colder weather while retaining all the advantages of ordinary ultracapacitors. (Schindall 3)

Manufacturing carbon nanotubes, unfortunately, is expensive and not economically feasible for mass production and usage. Schindall's group believes, however, that future technological advances in manufacturing methods, particularly chemical-vapor deposition (CVD) which is also largely used in semiconducting manufacturing, will lower costs. As well, goverments around the world, particularly Japan, are funnelling millions of dollars into nanotube research that encompases manufacturing techniques. (Schindall 4)

The underlying motivation in nanotechnology developments such as improving ultracapacitors is the drive to find better ways of achieving more while paying less. As Jessika Trancik of the scientific research centre Santa Fe Institue (SFI) puts it, “making inexpensive materials behave in advanced ways is critical for achieving low-carbon emissions and low cost energy technologies” (Trancik). With the increasing awareness of the world's environmental issues and future energy crisis, improving ultracapacitors is only one of the many possible technological advancements that researchers are hoping nanotechnology can offer.

Following suit with nanotube capacitors, new solar cells in development are taking advantage of the unique properties of nanostructures. In 2007, David Carroll and his colleagues at Wake Forest University's Centre for Nanotechnology and Molecular Materials incorporated nanoscale polymer trees into solar cells (Biello). New nanoengineering technologies had allowed for the production of the polymer P3HT which, when incorporated with the nanoscale polymer trees, is able  to capture more light (and thus energy) than the plastic polymer currently used (ibid). In 2008, Jessika Trancik's group further improved solar cells by replacing the oxide and platinum layers with a single layer of long nanotubes roughened with ozone (Trancik). This improvement not only improved the catalytic activities of the solar cell by more than ten-fold but also improved their conductivity and transparency (ibid). Like in Schindall's group's work with ultracapacitors, nanoscale material was used to replace previously used materials in both Carroll's group's and Trancik's group's research, resulting in better performance and improved efficiency of an environmentally-friendly technology.

In his well-known book Engines of Creation: The Coming Era of Nanotechnology, K. Eric Drexler speculated on the “gray-goo” problem where developments in nanotechnology will ultimately lead to the demise of humanity at the hands of self-replicating nanomachines. So far, the opposite is happening. Developments in nanotechnology have lead to new breakthroughs that may help solve our future environmental and energy problems. With potential and real applications in improving every-day products such as hybrid cars like the Supra HV-R, things will look a lot brighter (and more colourful) in the future than Drexler probably predicted. With such high potential, just like in the words of Lawrence Kazmerski, director of the Department of Energy's National Centre of Photovoltaics in Golden, Colorado, nanotechnology “could be the killer technology” (Biello).
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