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Preparation of FTO-free and Coal Based Carbon Counter Electrodes for Dye
Sensitized Solar Cells
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Abstract: The coal-based carbon counter electrodes (CEs) with low-cost and high-performance were prepared
from different coal powders such as gas coal, coking coal and lean coal, and they were used to substitute both con-
ductive glass substrate and catalyst layer. The effects of impregnation and surface modification of the coal-based
carbon CEs on their structure and photovoltaic performance were investigated. XRD, SEM and electrochemical
impedance spectroscope were used to character the structure and performance of coal based carbon CEs. Results
show that the coal based carbon CE after impregnated is the integrative CE with porous top surface and dense bot-
tom. The solar cell with coal based carbon CE with surface modified demonstrates high photovoltaic performance
with open circuit photo-voltage (V,.) of 0.79 V, short circuit photocurrent density (Ji.) of 13.48 mA/cm’, fill factor
(FF) of 0.67, and solar-to-electricity conversion efficiency (#) of 7.16%, which is 30% higher than that of the cell
with graphite electrode, and comparable to that of the cell with Pt electrode. The results indicate that the
as-prepared coal based carbon CE is a promising CE candidate for substitute conventional Pt/FTO counter elec-
trode.
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Fig. 1 XRD patterns of coal-based carbon CEs
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Table 1 Sheet resistance and porosity of different coal

based CEs
Powder Sheet resistance/(mQ-o™") Porosity
Gas coal 145 14.73%
Coking coal 183 18.38%
Lean coal 192 18.73%
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Fig. 2 Photocurrent—voltage curves of DSSC with different
coal based CEs
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Fig. 3 SEM image of the surface of (a) Gas coal based CE
and (b) Massive graphite CE, and cross-section image before (c)
and after (d) impregnation
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Table 2 Photovoltaic performance parameters of DSSC with different coal based CEs and graphite CE

CEs VooV Jo/(mA-cm™?) FF /% R, Ry
Gas coal 0.80 11.63 0.69 6.38 3.328 20.41
Coking coal 0.68 10.56 0.57 4.05 4.462 33.02
Lean coal 0.70 8.31 0.65 3.78 4.583 32.15
Massive Graphite 0.75 10.53 0.68 5.37 1.531 28.20
Pt 0.70 16.01 0.64 7.21 20.90 12.11
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Fig. 4 Nyquist plots of the dummy cell fabricated with two
identical CEs
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Table 3 Change of porosity and sheet resistance of CEs
before and after impregnation

Times Porosity Sheet resistance/(mQ-0 ")
0 14.73% 145
1 11.81% 99
2 10.89% 82
3 10.23% 70
4 9.46% 69
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Table 4 Photovoltaic performance of DSSC with different
CEs before and after impregnation

Times VoV Jof (mA-em?)  FF /%
0 0.80 11.63 0.69 6.38
1 0.79 11.25 0.70 6.22
2 0.80 11.32 0.69 6.19
3 0.80 11.29 0.68 6.15
4 0.79 11.28 0.68 6.06
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Table 5 Photovoltaic performance of DSSC with CEs be-
fore and after surface modification

Voe Jse 1

CEs N maem® Ty
Gas coal 0.80 11.63 0.69 6.38
Sm* 0.79 13.48 0.67 7.16
Massive graphite 0.75 10.53 0.68 5.37
Pt 0.70 16.01 0.64 7.21

Sm* is the CE of surface modification with carbonization of
PAA
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Fig. 5 Photocurrent—voltage curves of DSSC with CEs before
and after surface modification
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