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Development of dye-sensitized solar cell and its element materials with
high performance and excellent durability.
— Design, fabrication, characterization and new fields application of
colorful and designable solar cells. —

Naoto Imawaka ?, Masahiro Kanayama ?®, Shiro Iwata ?, Kazuhiko Matsubayashi *,
Hiroko Furuta?, Shinichiro Shibakawa?, Rumi Sakamaoto ?, Yukiko Kodama?

and Katsumi Yoshino »°

? Shimane Institute for Industrial Technology

® Osaka University, the Department of Electronic Engineering

We have been engaging the development of dye-sensitized solar cells (DSC) toward its practical use, covering
element material developments, cell enlargement design, production process establishment, and verification
field-tests. As a result, we succeeded in developing several new materials including some dye sensitizers and
electrolyte sealant. A production process of DSC large cells (12 x 12 cm?®) has been established and a high
performance and durability of the large cells have been proved. Beneficial knowledge for DSC applications has
been obtained through the field-test such as an advantage in output power under low irradiation, high stability of

Vpm in decreasing irradiation and interesting output pattern of both-sided see-through DSC.
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Figure.l Basic structure of dye-sensitized solar cells
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Figure.2 Operation principle of dye-sensitized solar cells
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Ferrocene (Fc) was added as an internal reference.
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Figure.5 Absorption spectrum and emission spectrum of
newly developed sensitizer SK-1 .
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Figure.7 Absorption spectra of the dye solutions of
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Tablel Fundamental Properties of Electrolyte solvents used for the device fabrication.

Electrolyte Solvent

Boiling Point Viscosity

[°C] [mPa"s]
MPN 3—-Methoxypropionitrile 166 1.1
EiPS Ethyl-/-propylsulfone 265 6.2
EMI-TCB 1-Ethyl-3—-methylimidazolium tetracyanoborate - 19.3
EMI-TFMS 1-Ethyl-3—-methylimidazolium trifluoromethanesulfonate - 34.7

The boiling points were referred to the MSDS for MPN and the reference ” for EiPS. Viscosities were

measured at 23 °C.
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Table2 Property and performance of the sealants for electrolyte sealing.

Sealant
A B C
Viscosity (2rpm) [Pa*s] 127 267 315
Viscosity (20rpm) [Pa-s] 34 98 172
T-Peel strength (85°C) [N/10mm] 1.15 0.50 0.78
MPN permeability (90°C) [g/m?-24h] 114 32 44
Weight loss of test—cell with MPN Electrolyte [%] 247 78 79
Weight loss of test—cell with EiPS Electrolyte [%] - - 0.5

The weight loss of test-cell was measured after 1,000 h at 85 °C. Electrolyte used for the weight loss test
contained L, and 1-Methyl-3-propylimidazolium iodide dissolved in each solvent.
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*3 BHERMLT ¥ IEORE, KFEENE, BTSN
Table3 properties of TiO, layer and photovoltaic performance. The optical properties were measured for TiO, layer with SK-1
on FTO glass substrate.

Particlesize Optical properties Photovoltaic parameters
Primary  Secondary Transmittance  Haze
%
[m] o] 4 g W ksl
TypeA 15-30 76.9 7.4 5.2 4.8 10.8
TypeB 15-30 251.2 6.7 156 47 10.8
Type C 15-30 4420 17 50.7 43 10.8
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DSC installed for the field test in Shimane Institute for Industrial Technology (a), Kyoto International Community

House (b) and Shibaura Institute of Technology (c)(d), supported by New Energy and Technology Development Organization.
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