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KEYWORDS Abstract Annealing temperature has pronounced effect on DSSC performance. ZnO nanoparti-

cles photoelectrodes were prepared on FTO glass and annealed at different temperatures in the
range 200-500 C. The thermal properties of the paste were studied using DTA/TG technique which
revealed that no changes are expected at temperatures higher than 350 C. Electrical properties of
the DSSCs using ZnO nanoparticles photoelectrodes annealed at different temperatures were stud-
ied using I~V characteristic and electrochemical impedance spectroscopy (EIS). The surface area
and dye loading increased as the annealing temperature increased up to 350 C. The electrical prop-
erties are found to be dependent on the photoelectrode annealing temperature. Annealing temper-
atures higher than 400 C resulted in a decrease in current density. The highest value of current
density Isc (15.6 mA/cm?), open circuit potential Voc (0.55 V) and efficiency (3.01%) is achieved
at annealing temperature of 400 C.
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1. Introduction

Photovoltaic technology provides clean and renewable energy
that can reduce the world’s dependency on fossil fuels. Dye
sensitized solar cell (DSSC) is one of the choices because of
its low cost fabrication and potential application for flexible
devices (Ribeiro et al., 2009). DSSC is a new type of
metal-oxide wide-band-gap solar cells. It composes of dye-
modified wide band gap semiconductor photoelectrode, a
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counter electrode and an electrolyte containing a redox (Raksa
et al., 2009). A common photoelectrode material in DSSCs is
TiO, nanoparticle film on transparent conducting oxide
(TCO) layers (Chiba et al., 2006). The popularity of this mate-
rial is due to its adequate surface area and chemical affinity for
dye adsorption as well as its suitable energy band potential for
charge transfer with dye and electrolytes (Bandara et al., 2005).

ZnO-based DSSCs have been exploited as an alternative to
TiO, based one. ZnO nanostructures have shown the unique
multifunctional properties with high exciton binding energy
(60 meV), low resistivity, non-toxicity, high transparency in
the visible range and high light trapping characteristics (Caglar
et al., 2009). External quantum efficiencies using purely ZnO
as the active material has generally been below 3% but with
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Figure 2 SEM surface images of ZnO nanoparticles annealed at 10C (a), 200 C (b), 300 C (c) and 400 C (d).
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Figure 3 DTA/TG thermal analysis of a ZnO paste, heating rate gth (nm)

2 K/min in synthetic air. Figure 4 UV...VIS absorbance of dye de-adsorped from ZnO
photoelectrodes annealed at different temperatures.

of the samples increases by increasing the heating temperature symed and particles are expected to have larger surface area
from 200 up to 350 C, then decreases again at higher temper- (Fig. 2p), which is more convenient for dye loading where
atures. Based on the experimental data shown in the UV...Vis the highest amount of loaded dye is found for layers sintered
absorption spectra, the amount of dye loaded on each layer at 350 C. Layers which are sintered at temperature higher
is ESt'mated to be 1.5 10 /, 2.5- 10 /, and 1.4- 10 “'mol/  than 350 C have more compact structure with less pores
cm” for the samples treated at 200, 350 and 50, respec-  (Fig. 2c and d) and lower surface area when compared with
tively. This was expected as a result of the changes in surface |ayers sintered at lower temperatures which lower the amount
morphology. As shown in Fig. 2a, the structure of samples sin-  of |paded dye leading to low absorption of these layers. These
tered at low temperature is rough and porous but in spite of  yesuits indicate that 350 C is the optimum temperature for
that the layer content of the organic species is high which getting the highest amount of dye loading. The increase in
prevents good adsorption of dye molecules on the surface of gye loading could result in a better light harvesting and a high-
the oxide nanoparticles which explains the low amounts of er photocurrent conversion ef‘ciency of the device, which is
loaded dye on photoelectrode sintered at this temperature. gpvious from the results in Table 1.

By increasing the heating temperature the organics are con-









