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Quasi-solid-state Dye-sensitized Solar Cells Employing Fibers Stacked Paper
Carbons as Efficient Counter Electrodes
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Abstract: Three types of paper carbons (PCs) were introduced into quasi-solid-state dye-sensitized solar cells
(QDSCs) as counter electrodes. The PCs were respectively prepared using printed paper, filter paper and facial tis-
sue as raw materials by one-step pyrolysis. Results show that each PC consists of carbon fibers with radial size of
~10 pm, and has low crystallinity as well as well-developed porous structure. As a result, each type of PC displays
more excellent catalytic activity for tri-iodide (I ) reduction than graphite, which brings about higher efficiency
for use in QDSCs. In three PCs, PC fabricated from printed paper possesses the highest surface area and the most
outstanding catalytic activity. This is mainly attributed to unique carbonaceous ramentums on carbon fibers in
printed paper derived PC. Each type of PC in QDSCs not only provides catalytic active sites for I; reduction, but
also serves distinctive function to improve the ion conductivity of quasi-solid-state electrolyte. Consequently, PCs
based QDSCs have higher short-circuit current density (Ji.) and open-circuit voltage (V,.) compared with traditional
Pt based QDSCs. The higher J,. and V. cover the insufficiency of fill factor, resulting in comparable efficiencies
with traditional Pt based QDSCs.
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Fig. 1 XRD patterns of paper carbons derived from different
paper
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Fig. 2 SEM morphologies of paper carbons derived from different paper
(a) and (d): PC-P from printed paper; (b) and (e): PC-F from filter paper; (c) and (f): PC-T from facial tissue
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Table 1 Electrochemical performances of paper carbons
and graphite counter electrodes

Electrode R /Q N/Q R/Q E,/mV
PC-P 6.17 0.75 24.62 419
PC-F 40.42 0.39 23.24 454
PC-T 20.22 0.49 23.01 -

Graphite 156.46 0.23 27.54 685

R Charge transfer resistance; N,: Nernst diffusion impedance within
electrode pores; R;: Serial resistance; E,: Peak separation
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WIRh 419, 454 1685 mV. DL &5 5 B 4t
PRSP T4 58
I; +2¢ —31° (1)
342 —1; )

2.3 #RRITEIR QDSCs B B IERE

4R R R A 85 43 A A G AR 1 10 B4 R 21 2 1
QDSCs [ J—V WP 6 Fros, AHM 6 M fES
FER 2 o FRAURIE AR 4 1 FL IR (Joo) RUTT i
H1 R (Voo) 23 TITE 13.58~14.64 mA/cm?® 2 [A]Fl 0.673~
0.685 V 2 [a), ¥R 47 BE 1 11.05 mA/cm?
F10.641 Vo #LLZ T, 4URFA SEAEE AR T (FF)
L ERERNRE . MR IEBRIEN FF 1
0.506~0.527 2 [8], 1A S5FLaw A0 0.243. FF (1)
W 7 i 4 B SRR AR R R () AN S
PR FEB A — 2, WHEAN 1.72%, 1l J5 & 1
4.79%~5.17%2 7). &5 K 4 K 5 AT40, 4Rt
(R HEALTE P B3k A FF O gy IR N i
Ah, AE=FhdRm R, AT A PC-P(RI &2
ENARIRAT) R T 1 A d5e i 1K) FF A 5.

Kl 7 EAIRHE ARG EIS &% DL M AR, QDSCs
(1) J—=V gk . T AR i SUETR TS 4 400°C #A i
G, R IR E EAT e A R BT IR 1)
FF, Ra M1 FF 2354 1.26 Q A 0.697, {H KN Jo



%1

TR, A 2T URPR AT FR ) 3t 10 7R ] 25 e B HEOH K FH Fi it 33

20

Paper carbons m
-

..........

10

Photocurrent density / (mA-cm™)

— PP~
5F—-—-PCF
------ PC-T
- = = Graphite
0 1 1 1
0.0 0.2 0.4 0.6 0.8

Voltage /V
6 AR SRA1I%RENT QDSCs 1 J-V HiZk
Fig. 6 J-V curves of QDSCs consisting of paper carbons and

graphite counter electrodes
The insert shows the photo of the electrolyte for QDSCs

F2 HRINAELHKH QDSCs BISL A IERE
Table 2 Photovoltaic performances of QDSCs with paper
carbons and graphite counter electrodes

Electrode  Jy/(mA-cm™) Voo/V FF %
PC-P 14.48 0.678 0.527 5.17
PC-F 13.58 0.685 0.515 4.79
PC-T 14.64 0.673 0.506 4.99

Graphite 11.05 0.641 0.243 1.72

Jse: Short-circuit current density; V,.: Open-circuit voltage; FF: Fill
factor; 77: Conversion efficiency
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