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Electrochemical performance of
carbon nano-composite counter electrode for dye-sensitized solar cells

LIN Jia-peng, ZHANG Hai-yan, CHEN Yi-ming, WEI Ai-xiang, LIU Chuan-biao, CHEN Yu-ting

(Faculty of Materials and Energy, Guangdong University of Technology Guangzhou 510006, China)

Abstract: Carbon nanotubes were added to the carbon counter electrode for dye-sensitized solar cell to prepare carbon
nano-composite counter electrode. The influence of carbon nanotubes in the composite electrode on catalytic
performance of I37/I" redox was investigated by cyclic voltammetry. The effects of carbon black, graphite scale, carbon
nanotubes and carbon black-carbon nanotubes composite on the carbon electrode/ electrolyte interface were compared by
electrochemical impedance spectroscopy. The results show that the catalytic reduction potential of the composite
electrode reduces and the current density increases. With the addition of carbon nanotubes, the number of the surface
catalytic active points increases and the electric potential difference between the carbon electrode and electrolyte interface
decreases. Photovoltaic performance test results of the DSCs show that with the addition of 10% (mass fraction) carbon
nanotubes, the open-circuit voltage of the DSCs increases by 17.9%, short-circuit current increases by 24.1% and filling
factor increases by 14.4%.

Key words: photoelectric materials; carbon nano-composite counter electrode; carbon nanotube; photovoltaic

performance; dye-sensitization; electrochemical impedance spectroscopy

1991 (DSCs) [1-2] 3] [4-7
) [8-10]
/
(20971027) (20094420110005)
(9251009001000006)
2009-11-15 2010-04-10

020-39322572 E-mail hyzhang@gdut.edu.cn



1754

2010 9

IEn TiOz

[11-12]

[13-14]
RAMASAMY (B3] FTO
AM1.5
7.59
LEE
[16-17]
7.56% 60d
6.35%
MURAKAMI 18] AM1.5
9.1 16.8
mA/cm? 798 mV 68.5%
10
pm
HUANG [
5.7% Pt
6.5% TRANCIK [20]
DSCs
(MWCNTS)
/ SEM
1
1.1
99%
99.9% 40~60
nm FTO
P25

Degussa

oP
1.2
1.2.1
(CNTs) 30% 15% 10%
5% 0 A B C
D E OP
opP
x:1:0.125:0.1:0.1 (x 0.3 0.15 0.1 0.05 0)
FTO , lh
DSCs 8 mmx8 mm
450 600 800
30 min
1.2.2
P25 TiO2 3g 10mL OP
0.5mL
TiOs TiO;
FTO lh 450
30 min TiOs TiO;
450
30 min 3 4 TiO;
8 mm x § mm
13
1.3.1 EIS
Pt
KI Iy n(I):n(Iz) = 10:1) 0.1
mol/L KCL I
25% 75%
Pt
L~ I
L~ L
L~ I
CHI660C (
) CcC—v EIS
CcC—Vv L b



20 9

1755
2 L~ I
1.5V L5V -15V
1~100 mV/s 12
EIS 0.6V DSCs
[57+2e=3" 3L+2e=—
0.6V 100 kHz 215 L L
1 Hz S5mV Zview2 ( )
1.3.2 DSCs EIS
( AM1.5 100 mW/cm?
30 cmx30 cm
3% ) Keithley 2400 Source Meter
J—V
ov
0.8V 150
EIS CHI660C
CT
0.6V 100 kHz 1 Hz
5mV Zview2
2
21
S—3400N
SEM 1 1 SEM
1(a) 40~60 nm Fig.l SEM images of composite electrodes: (a) Untreated
composite electrode; (b) Composite electrode treated at 600
in nitrogen
1(b)
8
« = — A(PT, 31,+2e=2I3)
&7 o — B(PT, l;+2e—3I")
: Sy oS
< s 13
Es
=y
E 4
g 3
o2
1
071 2 3 4 5 6 7 8 910
2.2 V12(mV- 52
2.2.1 L~ T 2 Pt
1~100 mV/s Pt Fig.2  Peak current densities of cyclic voltammograms on

composite electrode and Pt electrode



1756 2010 9
I 4
Rw
2 R«(E) Cre(E) Rs R«(C)
I R(E) Pt
I Rw Warburg Rs C
I I TiO, FTO Re(C)
Crr
3 Cee=T(W)™"(0=n=<1) Cpe Yo n
30% 15% 10% Yo / 21 n
5% 0 I -0.41 -0.44
-0.51 -0.57 -059V I n Cre Rw
498 537 468 441 2.78 mA/cm? I3
-0.77 -083 -092 -096 -092V
N -40
Is 5.82 6.04 531 5.15 3.44 = — A(carbon black)
mA/cm? Ge(C)  Gpe(E) o — B(graphite)
v — C(CNTs)
-30L 4 — D(composite)
IE [w{CNTs)=30%] R ks
10 » — A[W{CNTs)=30%
e . — H['H-{CNTS}'" 1 S%I: a Rct(c) Rct( E) A
= & — C[w{CNTs)=10%) =-20F
5 v — D[w(CNTs)=5%] N
- o =— E[w{CNTs)=0%]
=
= -10F
E
=
2
E L L 1 1 1 L | 1
E 4 0720 40 60 80 100 120 140 160
. zZ'9
=6
-3 i i L ! i 4 28
1.5 =10 -05 0 0.5 1.0 1.5
VoltageV Fig.4 Electrochemical impedance spectroscopy and
3 equivalent circuit of nano-carbon electrode
Fig.3 Cyclic voltammograms for composite electrodes with

different CNTs contents

5%
30

222

28

15%
10%

30

Ret

1
Table 1 Fitted results for electrochemical impedance

spectroscopy of nano-carbon electrode

Material Ra(C)/Q Yo/(uF-s™1) n
CNTs 26.7 325 0.71
Carbon black 104.3 97.0 0.57
Graphite 69.5 20.0 0.41
Composite 43.0 219.1 0.51
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Table 2 Fitted results for electrochemical impedance

spectroscopy for DSCs with different mass fractions of CNTs

W(CNTs) /%  Ra(C)Q  Yo/(uFs™) n  RJ/Q
0 356.4 24.2 092  65.1
5 15.0 90.9 072 1214
10 194.4 339.1 062 1523
30 198.4 478.5 057 2423
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