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Abstract

Flexible dye-sensitized solar cells (DSCs) have received much attention from
researchers due to their light weight, flexibility and portability. In addition, they can
also be fabricated by continuous roll-to-roll processing, leading to mass production
and low costs. Normally flexible conductive polymer-substrates are used as the
supporter of photoanode of flexible DSCs, which can only be treated under 150°C.
The preparation of TiO, nanostructured film onto polymer-substrates required the low
—processing temperature of porous TiO, film. However, low-processing temperature
of TiO; film means poor electro-conductivity and mechanic strength. This thesis aims
to conduct a systematic research on the design and realization of a new structure of
TiO, film, composed of two-dimensional TiO, particles without or with TiO,
nanoparticles. The main contents include the following aspects:

(1) Synthesis of graphene oxide (GO) as template for two-dimensional TiO;:
GO was specifically modified by the adsorption of the cationic surfactant
poly(diallydime-thylammonium chloride)(PDADMAC), in order to bring uniform
positive charge on the surface. Further Addition of titanium precursor, ammonium
hexafluorotitanate (NH,4),TiFs, with negative charge into the solution of
surface-modified GO (SMGO) will coat Ti(OH)s> homogeneously on SMGO because
of electrostatic force. The mixed solution was filtered and led to filter cakes, which
were dried in vacuum desiccators. Then GO template was removed by sintering and
two-dimensional mesoporous TiO, nanosheets having a grapheme-like structure were
obtained. The morphology of 2-D TiO, nanosheets can be effectively adjusted.
Raman, XRD, AFM, FT-IR, SEM, TEM and surface area analyzer were used to
analysis synthetic conditions on phase, microstructure, morphology, surface area, pore
size and pore volume of 2-D TiO,.

(2)Two-dimensional mesoporous TiO, was used to prepare binder-free slurry for
the preparation of flexible DSC anodic film at low-temperature. The slurry was spread

on FTO substrates by doctor-blade coating and sintered at 125°C. Optimized solar cell
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using 2-D TiO, powders yielded the highest conversion efficiency of 1.17% under an
incident solar energy of 100 mW/cm?.

(3) P25 is added into the slurry to increase the connection of the 2-D TiO;
particles, in order to increase the conductivity and bending strength of anodic film.
The different proportions of P25 in the slurry have different influence on the
photovoltaic performance. When the content of P25 is 20%, the anodic film showed
better scattering effect, longer electron lifetime, lower inner series resistance and then
the highest photon-to-electricity conversion efficiency of 2.0%. Compared to the
anodic film composed of pure two-dimensional mesoporous TiO; particles, the

photon-to-electricity conversion efficiency increased by 70.9%.

Keywords: Flexible dye-sensitized solar cells, surface modification, graphene oxide,

two-dimensional mesoporous TiO,, low temperature sintering
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