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The aim of this research was to design and fabricate a natural dye-
sensitized solar cell using a semi-solid electrolyte and substituting a
platinum electrode with Zirconium oxide/Tungsten oxide nanorods
(ZrOz2/WO02NR) nanocomposite for reducing costs. To prepare the
semi-solid electrolyte, a combination of three substances, cesium
iodide (CsI), tin iodide (SnI) and tin fluoride (SnFz), were used. The
result of this compound was cesium tin iodide (CsSnls-xFx), which due
to the high mobility of the cavity equal to 585 cm?V-1S-! and the ability
to dissolve in organic solvents, can be a good alternative to liquid
electrolyte replacement. The photoanode structure was examined by
scanning electron microscopy. The effect of black and simple henna
was investigated by UV-visible spectroscopy to select the dye. The
counter electrode was fabricated by ZrO2/WO:NR nanocomposite by
micro-spray method. The results showed that natural henna dye
offered better performance with the peak absorption at 665 nm. The
utilization of ZrO2/WO:NR nanocomposite in addition to good
catalytic properties showed a voltammetric cycle similar to platinum,
which resulted in longer life and stabilization of output power over
time. The performance evaluation of the fabricated sample indicated
the open circuit voltage of 0.17 V, the short circuit current of 4.08 mA
and the efficiency of 0.95%, which was 2 times higher than in
comparison with liquid electrolyte-based cells.
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EXTENDED ABSTRACT

Introduction

Nowadays, human societies are coping with two main problems: the limited resources
of fossil fuels and the environmental pollution caused by the consumption of these fuels.
Therefore, to reduce the environmental consequences, the need to use renewable energy
sources such as solar energy is felt more than in the past. Among the different generations
of available solar cells, the dye-sensitized type has attracted much attention due to its
advantages such as low manufacturing cost, flexibility, lightweight, non-toxicity, and need
for low light. However, the existence of liquid iodide/tri-iodide compound as an
electrolyte in the structure of these cells is accounted for their major disadvantages,
because the leakage of liquid electrolyte, its corrosive nature, and poor stability threatens
the cell health. These problems make the commercialization of the technology of dye-
sensitized solar cells based on liquid electrolytes difficult. To this end, non-corrosive and
non-volatile semi-solid electrolytes is introduced to compensate for these defects and can
be considered as an appropriate substitute for liquid electrolytes. The main objectives of
this research were improving solar cell efficiency and reducing manufacturing costs.
Investigation of the effect of using cesium tin iodide (CsSnl3) as a semi-solid electrolyte
in a dye-sensitized solar cell and the application of a nanocomposite based on tungsten
dioxide/zirconium oxide nanorods instead of a platinum opposite electrode are the
principal innovations of this work.

Methodology

After preparing ITO conductive glass as a substrate, to synthesize high pure anatase
titanium dioxide nanoparticles and fabricate a photoanode, first titanium powder
(containing a combination of 30% rutile phase and 70% anatase phase) was poured into
sodium hydroxide solution in two steps. Then, it was homogenized by a magnetic stirrer,
and heated at 130 °C for 20 hours in an autoclave. The obtained suspension pH was adjusted
to equal 1.5 by adding HNOs. The materials were heated again at 240 °C for 12 hours in an
autoclave to get the active titanium anatase structure. The obtained solution was filtered
and dried, and then 0.5 g of the synthesized powder was made into a paste by Triton X-100
and polyethylene glycol in acetic acid. The deposition of TiOz nanoparticles on the
photoanode was performed by the doctor blade coating method. Finally, the coated
electrode was slowly heated for annealing under airflow in three steps at 150 °C for 15
minutes, 320 °C for 10 minutes, and 500 °C for 30 minutes to remove the polymer gradually
from the structure, and maintain the pure titanium anatase nanoparticles. The dyes were
prepared from two samples of ordinary henna and black henna by the Soxhlet extraction
method. To sensitize, the photoanode was placed within the dye solution for 18 hours. In
the preparation of CsSnlz-xFx electrolyte, first, cesium iodide, tin iodide, and tin fluoride
were mixed and heated in a vacuum chamber at 450 °C for 30 minutes. Then, the remaining
powder was dissolved in acetonitrile. To dope, 5% wt.% of tin fluid doping agent was
dissolved in the same solvent so that the electrolyte in the solution phase was ready to be
injected into the cell. After injection, the cell was dried at room temperature under the
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nitrogen gas flow. To fabricate the catalyst composition for coating the opposite electrode,
the obtained tungsten oxide nanorod powder with zirconium oxide was dispersed in
ethanol. The resulting mixture was milled for 4 hours by the metal balls. After the sonication
of suspension for 30 minutes, a viscous composition was obtained, and sprayed on the glass
substrate by a micro-spray, then dried at 500 °C for 30 minutes under the blowing of
nitrogen gas. Finally, the two active layers of photo-anode and opposite electrodes were
assembled, and the electrolyte was injected within the structure.

Results and discussion

Figure 1 shows the current-voltage curve for the fabricated solar cell. Some of the
important measured characteristics of the solar cell were also tabulated in Table. 1. As
Table 1 indicates, the sensitized solar cell with the ordinary henna presents an open
circuit voltage of 0.17 V, short circuit current of 4.08 mA, and efficiency of 0.95%, which
are acceptable results. High activity of holes in electrolyte led to a larger short circuit
current. Surface functionalization of the semi-solid-state electrolyte of cesium tin iodide
(III) by a mineral dopant such as tin difluoride and tin iodide also improved the short
circuit current and the efficiency.
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Figure 1. The current-voltage curve of the sensitized solar cell with ordinary henna based on the semi-
solid-state electrolyte and opposite electrode of Zr0./WO0:

Table 1. The characteristics of fabricated solar cell

Open- Short Maximum
Sample Dve Electrolyte circuit Maximum circuit current Fill Efficiency
P Y Y voltage voltage (v) current intensity Factor (%)
v) (mA) (mA)
Dye . .
T Cesium Tin
sensitized  Henna lodide (I11) 0.17 0.14 4.08 3.4 68 0.95

solar cell
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Conclusion

In the current research, the characteristics of the inorganic semi-solid electrolyte of tin
cesium triiodide in the performance of dye-sensitized solar cells were studied. The effect of
using zirconium oxide nanocomposite/tungsten oxide nanorods as opposite electrodes was
also investigated. The evaluations showed that using semi-solid electrolytes was
appropriate to solve the problem of leakage and weak stability of liquid electrolytes.
Comparing the results of this research with other research in this field reveals that
application of ordinary henna along with the semi-solid electrolyte of cesium tin triiodide
improves the energy conversion efficiency compared to the liquid iodide/triiodide
electrolyte. However, using dye along with semi-solid electrolytes causes a severe drop in
efficiency. Therefore, it is recommended to utilize the organic dyes in solar cells based on
semi-solid electrolytes. The use of zirconium oxide nanocomposite/tungsten oxide
nanorods instead of expensive metals such as platinum in the opposite electrode in addition
to reducing manufacturing costs, showed an acceptable performance. Finally, sensitizing
the solar cell with ordinary henna and using tin cesium tri-iodide semi-solid electrolyte
indicated the open-circuit voltage of 0.17 V, short circuit current of 4.08 mA and resulted in
an improvement in the efficiency by up to 0.95%.
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