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Effect of Ni;S,@C/CNFs Electrode Film Thickness on Photovoltaic
Performance of Dye-Sensitized Solar Cells
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Abstract: Carbon-coated Ni;S; nanoparticles supported on the surface of carbon nanofibers (Ni;S,@C/CNFs) was
synthesized by electrospinning and hydrothermal methods. Then, the Ni;S;@C/CNFs counter electrode with film
thickness of 2, 4, 6, 7, 8, 9, 10 wm were prepared by spraying method, and applied to dye-sensitized solar cells
(DSSCs). The effect of Ni;S,@C/CNFs electrode film thickness on the photovoltaic performance of DSSCs was
investigated. If the thickness of the counter electrode was too small, there were not enough catalytically active
sites to reduce I". However, if the thickness of the counter electrode was too large, the connectivity of the counter
electrode film may be deteriorated, and the electron transmission distance may be increased. Therefore, the
resistance increased, and the recombination probability of the electron also increased. According to the results,
when the Ni;S,@C/CNFs counter electrode film thickness was 9 wm, DSSCs achieved the highest photoelectric
conversion efficiency (PCE) of 8.45%.
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Fig.1 (a) SEM images of CNFs and (b, ¢) Ni;S,@C/CNFs composite; (d~f) TEM images of Ni;S;@C/CNFs composite
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Fig.3 CV curves of NizS,@C/CNFs counter electrodes

with different film thicknesses
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Fig.4 Nyquist plots of Ni;S,@C/CNFs counter electrodes

with different film thicknesses
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Table 1 EIS parameters of Ni;S,@C/CNFs counter electrodes with different film thicknesses

Counter electrode R./(Q-cmd) Ro ! (Q-cmd) Zn | (Q-emd)
Ni;S@C/CNFs-1 6.20 10.75 18.65
Ni;S{@C/CNFs-2 6.06 10.25 16.72
Ni;S{@C/CNFs-3 5.96 9.03 13.55
NisS@C/CNFs-4 5.88 8.29 12.60
Ni;S{@C/CNFs-5 5.90 7.85 10.65
Ni;S{@C/CNFs-6 5.84 6.67 7.80
NisS{@C/CNFs-7 5.93 751 10.54
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Table 2 Photovoltaic parameters of DSSCs based on Ni;S,;@C/CNFs counter electrodes with different film thicknesses
Counter electrode VoIV Jo !/ (mA-cm? FF /% PCE / %
Ni;S,@C/CNFs-1 0.745 12.77 0.56 5.92
Ni;S,@C/CNFs-2 0.753 14.12 0.58 6.06
Ni;S,@C/CNFs-3 0.756 14.41 0.61 6.68
Ni;S,@C/CNFs-4 0.762 14.76 0.62 7.01
Ni;S,@C/CNFs-5 0.781 15.01 0.65 7.68
Ni;S,@C/CNFs-6 0.786 15.43 0.70 8.45
Ni;S,@C/CNFs-7 0.780 15.04 0.69 8.34
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Fig.5 J-V curves of Ni;S,@C/CNFs counter electrodes

with different film thicknesses
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Fig.6 Tafel polarization curves of Ni;S,@C/CNFs counter

electrodes with different film thicknesses



%4 4 FAE Ni;S,@C/CNFs X H A 158 J5E %8 Je bk Ak Ik FH B L 1tk e AR B 1 52 i 687

Ni;S,@C/CNFs-5 >Ni;S,@C/CNFs-4 >Ni;S,@C/CNFs-3 >
Ni:S,@C/CNFs-2>Ni;S,@C/CNFs-1, £ Lk | NisS,
@C/CNFs-6 1F R %t AR A s br iy e fbvkng, 5.1
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3 & it

IH L L 2 22 B R ROK L A T NisS,@C/
CNFs 2 &Mk, XF E T [F) B8R (9 NiyS,@C/CNFs
X HL AR X DSSCs G AR Pk g 1Y 52 M g AR A
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SR BE fe i, PCE 58 T 8.45% , X H ¢ i JE %)
DSSCs [ #& A REA B 2 W52 | 224 B R /N skt
FL A T 0 I AR T 7 A 25 A T {H R K
KIS, L BH AT T 52 A JLRER S BN, 5w L - 1 A
iy, 3 U X H AR AR A AE R AR R DSSCs k1%
LG AR MR RE XX T R ok X H AR 9 kR
DSSCs BORMFETHA R K F 4= X,
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