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Effect of Multi-wall Carbon Nanotubes on Micro-cracks Optimization and Property of
Solar Cell Photoanodes

WANG Di, WANG Qiming, SUN Hongquan, WANG Xinyu, ZHANG Wei, ZHENG Wei
(School of Material Science and Engineering, Harbin University of Science and Technology, Harbin 150040, China)

Abstract: In quantum dot sensitized solar cells (QDSCs), many tiny cracks appear in porous titanium dioxide (TiO,) photoanode film
during sintering process, which seriously blocks electron transport, leading to the significant decrease of solar cell performance.
Multi-walled carbon nanotubes (MWCNTSs) with the unique tuber structure and excellent electrical conductivity were used to modify
the micro-cracks structure in TiO, photoanode films. The effect of mass fraction (i.e., 0%, 0.01%, 0.05%, 0.1% and 0.5%) of
MWCNTs on the property of QDSCs photoanode was investigated. The crystal phase and micromorphology of photoanodes were
characterized. According to the morphology analysis results, moderate MWCNTSs and TiO, nanocrystals are uniformly mixed, and
MWCNTs penetrated the micro-cracks in photoanode films. However, excess MWCNTs would aggregate into clusters that introduce
many defects. CdS and ZnS quantum dots (QDs) were prepared on the above-mentioned photoanodes by a successive ionic layer
adsorption and reaction (SILAR) method. QDSCs were assembled using QDs sensitized MWCNTs/TiO, photoanodes, CuS as a
counter electrode and a polysulfide electrolyte as an electrolyte, and its volt-ampere characteristic (J—V) curve was measured. The
results show that QDSCs with 0.05% MWCNTSs/TiO, photoanode have the optimum photoelectric performance (i.e., the open-circuit
voltage (V,e) of 0.65 V, the short-circuit current density (Ji.) of 11.51 mA/cm?*and the power conversion efficiency (PCE) of 3.14%.
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MWCNTs—Multi-walled carbon nanotubes.
K1 FTO. TiO, & 0.50%-MWCNTs/TiO, [ XRD i
Fig. 1 XRD patterns of SnO,:F(FTOs), TiO, and 0.50%-
MWCNTSs/TiO,
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Table 1 Specific surface area of MWCNTs and acid-
treated MWCNTs
Average pore  Micropore Specific surface
Sample . O y
diameter/nm  volume/(mL-g ') area/(m™g )
MWCNTs 0.765 0.087 239.51
Acid-treated MWCNTs 0.782 0.099 271.56
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Fig. 4 SEM images of TiO, photoanode and 0.05%-
MWCNTs/TiO, photoanode
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(b) Partially enlarged image of Fig. 5a
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Table 2 Photovoltaic parameters of QDSCs samples
Sample Vol V Jsc/(mA-cm ) FF /%

TiO, 0.56+0.010 7.2740.197 0.45+0.059 1.82+0.037

0.01%-MWCNTs/TO, 0.63+0.017 7.20+0.110 0.394+0.072 1.77+0.047

0.05%-MWCNTs/TO, 0.65+0.010 11.51+0.080 0.42+0.032 3.14+0.017

0.10%-MWCNTs/TiO, 0.66+0.007 9.05+0.181 0.44+0.028 2.60+0.006

0.50%-MWCNTs/TiO, 0.5440.007 3.94+0.049 0.53+0.002 1.13+0.008

V,—Open circuit voltage; J,—Short circuit current density; FF—Fill factor; 7—Photoelectric conversion efficiency.
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