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Global warming and the shortage of fossil fuels require society to move towards sustainable and
renewable energies with low carbon emission. There are increasing interests in renewable energy production
from the sun and wind but the big problem in this area is that there is insufficient good electrical energy
storage capacity available to store energy for use during hours of darkness and when there is no direct
sunlight or there is no wind to power the electrical generators. In order to overcome this problem, high
efficiency energy storage receptacles such as batteries and electrochemical capacitors (ECs) are needed.
Unlike batteries, ECs can operate at high charge and discharge rates over an almost unlimited number of

cycles and enable energy recovery in heavier-duty systems.

Manganese oxides (MnO,) are an important and well-studied class of electrode materials for batteries,
and have more recently been investigated as electrochemical capacitors (ECs) and it is envisaged that MnO,
will serve as a low-cost replacement for hydrous RuO,, the state-of-the-art EC metal oxide. When prepared
as micrometer-thick deposits (> 100 um) or in composite electrode forms containing carbon and binders,
MnO, delivers a specific capacitance of ~150-250 F/g, which is competitive with carbon supercapacitors, but
falls far short of the 720 F/g obtained with hydrous RuO,. The capacitance for thick MnO, films or
conventional composite electrodes is ultimately limited by the poor electrical conductivity of MnO,. In turn, EC

device performance using the planar ultrathin configuration is restricted because of low mass loading.

This work therefore aims to produce MnO, with ultrahigh capacitance (>720 F/g) at the economical mass
loading level (about 0.5 mg/cmz) by using the simple electrodeposition and polyol techniques. Carbon
nanofoam (CNF) with very high surface area (600 m2/g) was used as a supporting material. The results
showed that Ag-doped MnO, pseudocapacitor electrodes with dendrite and foam-like structures were
successfully produced using an electrodeposition method employing structure-directing agents i.e. sodium
dodecyl sulfate (SDS) and cetyltrimethylammonium bromide (CTAB) acting through micelle formation at solid-
liquid interfaces. Doping silver with MnO, enhanced their electronic conductance. Controlling pseudocapacitor
electrode morphologies with surfactants accelerated ion transport. The specific capacitance values of the Ag-
doped MnOQ, films produced with SDS and CTAB, measured in 0.5 M Na,SO, at a scan rate of 1 mV s were
about 800 F g'1. These values are about 2.7-fold higher than that of the pure MnO, film and about 1.4-fold
higher than that of the Ag-doped MnO, film made without using surfactants. On the other hand, MnO,



nanoparticles (NPs) with 1.8+0.2 nm in diameter were successfully produced using an ethylene glycol. The
tiny NPs were used as precursors for producing three-dimensionally ordered macroporous (3DOM) electrodes
using a colloidal crystal-templating (CCT) method. The specific capacitances of 3DOM MnO, electrodes
depend on their pore diameters. The 3DOM electrode with about 200-nm pore diameter provides 3.0-, 2.0-,
and1.3-fold higher specific capacitance than the dense film and the 3DOM electrodes with larger pores, 400
nm and 900 nm, respectively. The ultrahigh specific capacitance of the 200-nm 3DOM electrode is 765 F g'1

measured in 0.5 M Na,SO, at the scan rate of 2 mV s,
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