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Application of a novel microwave plasma treatment for the sintering of NiO
coatings for use in dye sensitized solar cells
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Dye-sensitized solar cells (DSSCs) have considerable potential due to their solar

energy conversion efficiency and their fabrication from relatively low cost materials.

These cells use metal oxide coatings and in this study they were fabricated using nickel

oxide (NiO). This metal oxide was chosen due to its stability, wide band gap and p-type

nature. For high light conversation efficiency DSSC's require a mesoporous structure

exhibiting a high surface area. This can be achieved by sintering particles of NiO onto a

metal support. This paper investigates the use of 2.45 GHz microwave plasma

sintering, as a novel route for the sintering of NiO coatings. Microwaves in the absence

of a plasma cannot normally be used to sinter metal oxides as they do not absorb

microwave radiation. In this study however the microwave plasma was successfully

used to sinter NiO particles at a temperature of 900ºC. The required treatment time of 2

minutes to achieve sintering was significantly shorter than the 1 hour heating required

with a conventional furnace treatment. The sintering study was carried out with NiO

particles having a mean particle size of 50 nm, deposited onto 0.3 mm thick nickel

metal substrate (1 x 1 cm). The properties of plasma and furnace sintered NiO coatings

with thicknesses in the range 2 to 10 µm were compared. Microwave plasma treatment

involved volumetric heating, while that in a furnace is convective heating. XRD

examination demonstrated a decrease of 30 to 20 nm in the NiO grain size on

increasing plasma treatment times from 2 to 10 minutes. There was an associated

increase in coating density due to an enhanced level of sintering. Dye sensitization of

the sintered samples was carried out using Erythrosin B and the UV-Vis absorption

spectra of the coatings were compared. This study demonstrated that both the furnace

and plasma treatments gave broadly similar levels of dye adsorption. The advantage of

the microwave plasma treatment however is a significant reduction in energy usage

required to sinter the metal oxide due to the 97 % reduction in sintering time.
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