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The continuing rise in oil-based fuel prices, combined with approaching legislation to control carbon dioxide emissions, has encouraged the introduction of various types of hybrid electric vehicles to the automotive market place. A range of vehicle types is now on offer. Micro hybrids still operate with a 12 volt battery, provide a stop/start function and, usually, recover energy through regenerative braking. Medium hybrids add to this basic scheme the ability to make a contribution to the vehicle motive power from an electric motor – the ’power-assist’ system – and, in order to achieve this capability, they incorporate a battery with a higher voltage (typically around 144 volts). At the top end of the hybrid electric vehicle (HEV) range ‘full hybrids’ are able to contribute a small all-electric range which can save the vehicle heat engine from the task of pulling away from a stationary position, during which operation fuel economy is notoriously poor. Full hybrids use a battery at a higher voltage still (generally above 200 V). 

The task for the battery becomes more demanding through the series micro-, medium- to full hybrid, but in all cases the requirement is to operate from a partial-state-of-charge so that regenerative braking energy can be accepted efficiently. From this base-line, the battery is called upon far more frequently than its SLI (starting, lighting an ignition) predecessor. Discharges and charge events typically involve only a small fraction of the battery’s capacity but they occur continuously and do take place at very high rates.

Conventional lead–acid batteries, such as those designed for SLI or deep-cycle use, quickly accumulate lead sulfate on the negative plate under such a regime and the first HEVs to appear have made use of nickel metal hydride batteries. Although these are somewhat more costly than lead–acid they are able to perform the duty without early failure.

Quite recently it has emerged that the incorporation of elevated levels  of certain types of carbon into the negative plates of lead–acid batteries can overcome the mechanism that is responsible for the accumulation of lead sulfate and this discovery has allowed the production of prototype lead–acid batteries that are capable of operating successfully in the HEV mode. It is the purpose of this paper to consider the several possible mechanisms through which the presence of the carbon is able to provide this benefit in an attempt to identify which mechanism(s) is(are)  key.

Of all the energy storage systems that employ lead–acid chemistry, that which has so far been most successful in the HEV application has been the Ultra battery. This has a conventional PbO2 positive plate and  a negative comprising two parts: one part has the usual sponge lead active material and the other part is a capacitor electrode containing  a mixture of carbon black and activated carbon. The two  parts of the negative share a common contact to the external circuit and they share the same positive plate. With this design, the total discharge or charge current of the combined negative plate is composed of two components: the capacitor current and the regular lead–acid negative plate current. Accordingly, the capacitor electrode can act as a buffer to share the discharge and charge currents with the lead–acid negative plate and protect it from being discharged and charged at high rates.

The success of this system is not limited to laboratory tests, where the Ultra has completed over 370,000 EUCAR cycles without failure. A Honda Insight fitted with a 144 V Ultra battery, has run for 100,000 miles with no conditioning and the battery remained in an excellent state throughout.

