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The counter electrode is an important component in dye-sensitized solar cells (DSSC) where the
mediator is reduced. It consists of fluorine-doped tin oxide (FTO) glass coated with platinum to afford
more reversible electron transfer. In this research for increasing energy conversion efficiency of
DSSC’s, Multi-Walled carbon nanotubes (MWCNTS) were used in counter electrode. Three types of
counter electrode (CE) were fabricated: (i) All platinum counter electrodes (Pt-CE) (ii) All Multi-
Walled carbon nanotube counter electrodes (MWCNT-CE) and (iii) Mixed Platinum and Multi-Walled
carbon nanotube counter electrodes (Pt-MWCNT-CE). All of counter electrodes prepared fabricated
on FTO glasses and cells were assembled by these electrodes and its performance was measured by
solar light simulator, their behavior were studied by cyclic voltammetry technique and their Structure
were studied by SEM. Results revealed that enhanced efficiency was obtained by using the Pt-
MWCNT-CE. Also by using this electrode, the energy conversion efficiency increased up to about
18% in comparison with standard DSSC’s. Pt-MWCNT-CE displayed the highest catalytic activity for
the reduction of tri-iodide ions and lowest transfer resistance in cyclic voltammetry tests which
improves photovoltaic activity of cells.
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1. INTRODUCTION

Dye-sensitized solar cells (DSSCs) based on dye-sensitized nanocrystalline titanium dioxide
and [Ru(4,40-dicarboxylic acid 2,20-bipyridine),(NCS).] have been reported by Regan and Gratzel in
1991 [1]. DSSC has been attracting considerable attention for an alternative to conventional silicon
solar cell because of its low cost, easy handling, relatively high photon-to-current conversion
efficiency for low energy consumption and simple fabrication process [1-3]. Moreover, an increase in
DSSC efficiency would provide enormous economical advantages. DSSC is composed of dye
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molecules, nano crystalline titanium dioxide, and electrolytes containing a redox couple and counter
electrode. The H,PtClg-treated electrode is used as the counter electrode in DSSC because of its high
electrochemical activity even though this electrode is expensive. A low cost electrode with high
electrochemical activity is an important requirement to enhance the practical utility of DSSC’s .

On the other hand, conversion efficiency of DSSC’s is still lower than familiar silicon solar
cells. Therefore, many studies have been conducted in order to obtain high efficiency DSSC’s such as
increasing porosity and crystallizing of TiO2 electrode [4], doping metal ions into TiO, electrode [5],
using alternative electrolyte [6,7] or counter electrode [8]. Carbon nanotubes (CNTs) have recently
attracted great attention because of their special properties such as very high mechanical strength, very
good thermal stability, and excellent electronic properties [9-11].Also, electrical conductance of CNTs
reveals their catalytic activity for the reduction of tri-iodide [12]. These useful properties make CNTs
as good candidates in various application fields such as transistor, battery, field emission display, nano
scale inter connects and solar cells[13].Sung Uk Lee et al. [14] used Single wall and multi wall carbon
nanotubes (SWCNT and MWCNT) for the fabrication of efficient counter electrodes in dye-sensitized
solar cells (DSSC).They fabricated the counter electrode of those cells by repeated deposition and
drying of carbon nanotubes and Platinum over an FTO glass. Among two electrodes, the highest
efficiency solar cells (4.36%) was achieved by using MWCNT and lower efficiency solar cells
(4.03%) was fabricated by addition of SWCNT.

In this paper for increasing the efficiency of DSSCs, multi walled carbon nanotubes (MWCNT)
were used in counter electrode and the effect of them on the efficiency of DSSC were investigated.
Also their catalytic activity and there electrochemical behavior were studied and described.

2. EXPERIMENTAL

For fabrication of DSSC devices, TiO, paste (Dyesol company), N719 dye (Dyesol company),
lodine electrolyte (Dyesol company), H,PtClg (601450 Merck), multi walled carbon nanotubes (purity
: >95%, diameter: 10-20 nm and length: 20 um ),TiCl4 (8.12382 Merck) and deionized water were
used as raw materials. TiCl4 which used in this study was diluted at 0 °C by water to make 2 M stock
solution; this solution was kept in a freezer and freshly diluted to 40 mM for each TiCl4 treatment. To
prepare the DSSC working electrodes, FTO glasses (15€/Sq.m, Dyesol Company) were first cleaned
in a detergent solution by using an ultrasonic bath for 15 min, and then rinsed with water and ethanol.

For applying paste, a layer of paste was coated on all of FTO glass plates by tape casting, kept
in a clean box for 3 min in order to homogenize the paste and reduce the surface irregularity. After
that, electrodes were dried at 130 °C for 6 minutes. For increasing thickness these steps were repeated
five times. After drying, the electrodes coated with the TiO, pastes were gradually heated under air
flow at 325°C, 380°C, 460°C, and finally 500°C. Total cycle was done at 40 minutes. After that, the
TiO; electrodes were immersed into a 40 mM aqueous TiCl4 solution at 70 °C for 30min and washed
with water and ethanol and heated under air flow at 500°C for 30 minutes. After cooling up to 80°C,
TiO, electrodes was immersed into 0.5 mM N-719 dye solution and kept at room temperature for 20—
24 h to assure complete sensitizer uptake.
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To prepare the different counter electrodes, holes were drilled in the FTO glasses, the
perforated glasses were washed with H,O and 0.1 M HCl-ethanol solution and cleaned by ultrasound
in an acetone bath for 10 min. After removing residual organic contaminants by heating in air for 15
min at 400 °C, for preparing platinum electrode ,the Pt catalyst were deposited on the FTO glasses by
dipping in the 0.2 wt.% H,PtCls solution and heat treatment at 400 °C for 15 min. This counter
electrode is called “platinum counter electrodes” (Pt-CE).“Multi-Walled carbon nanotube counter
electrodes” (MWCNT-CE) and “Mixed Platinum and Multi-Walled carbon nanotube counter
electrodes” (Pt-MWCNT-CE) was prepared by spraying of MWCNT solution or Pt-loaded MWCNT
solution on FTO glasses and heat treatment of them at 400 °C. For preparing of MWCNT solution, 1 g
of acid treated CNTs was added to 100 ml of distilled water and dispersed by ball milling for 24 h.
After ball milling, 100 mg of carboxymethyl cellulose (CMC) was added to it as a condensation and
dispersion agent. After further ball-milling, 400 ml of water was added to it and sonicated by
ultrasonicator for 40 minutes. Pt-loaded MWCNT solution was prepared by direct mixing of acid
treated CNT powders (0.2 wt. %) with 0.2 wt.% H,PtCls solution ,finally The dye-covered TiO,
electrode and different counter electrode were assembled into a sandwich type cell, filled by electrolyte
and sealed. Flow chart of the process and scheme of fabricated cells were shown in Figures 1 and 2.
The microstructure and the thickness of the TiO, electrode and counter electrodes were measured by
scanning electron microscopy (SEM) (cam scan MV2300). The catalytic properties of counter
electrodes were measured by cyclic voltammetry (746 va trace analyzer and 747 vstand Methrohm
).The performance of the dye-sensitized solar cell was examined by using a solar simulator (Model

N0.81172, Oriel Co.) at an intensity of 1000 w/cm?.
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Figure 1. Flow chart for fabrication process
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Figure 2. Schematic structures of the DSSCs , fabricated in this work(a)Pt-CE DSSC, (b)MWCNT-Pt
CE DSSC ,and(c)MWCNT-CE DSSC.

The conversion efficiency of the cell was characterized by the short- circuit photocurrent
density, the open-circuit voltage, the fill factor of the cell and the intensity of the incident light:[15]

Jm % FF (Voekse)
1.?= m.m — !:u:' sC {1]
Pin Fin
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In EQ. (1), n is the the conversion efficiency of the cell, Jy, is the maximum current density, Vp,
is the maximum voltage , Pj, the intensity of the incident light, and in Eq. (2), FF is the fill factor , V¢
is the open-circuit voltage and J is the short- circuit photocurrent density.
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3. RESULTS AND DISCUSSION

The SEM images of different counter electrodes are shown in Fig.3. From these images it can
be found that, the Platinum film is not compact and some part of FTO glass is not covered by Pt
particles, then large pore were seen on Pt film that may decrease its catalytic properties (Fig3.a).
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Figure 3. The SEM images of counter electrodes (a) Pt-CE (b) Pt-MWCNT-CE (c) MWCNT-CE

Based on Fig. 3.b, by addition of carbon nanotubes in Pt film, these particles were deposited on
the surface or inside the porosity of Platinum films and this will be lead to increasing surface area of
the Platinum films. Fig.3.c shows the microstructure of CNT electrode, it reveals that the film has
uniform structure and less pores were generated in the structure.

The cyclic voltammograms of all counter electrodes in iodide electrolyte were shown in Fig. 4.
Based on this figure, the electrochemical properties of Pt-MWCNT-CE were found to be better than
the Pt-CE for using as DSSC counter electrodes. This counter electrode showed a highest current
density at the reduction reaction peak (0.25 V) than Pt-CE and MWCNT-CE. This indicates that the
redox reaction rate of the Pt-MWCNT-CE is higher than that of Pt-CE and MWCNT-CEs.
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Figure 4. CV curve for DSSC with different counter electrodes (a)- Pt-MWCNT-CE , (b)- Pt-CE , (c) -

MWCNT-CE

Moreover, This suggests that an increase in the effective area of catalysis enhances current
density because the specific surface area of CNT-Pt counter electrodes is much larger than that of the
Pt and CNT counter electrodes [15,16]. These advantages due to enough regeneration of iodide ions
help to achieve a high conversion efficiency of DSSC.
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Figure 5. 1-V curve for DSSC with different counter electrodes ,C(Pt-loaded CNT) B(Pt electrode)

A(CNT electrode)

Table 1. J-V parameters of cells with different counter electrode

Number

Counter Short circuit Open circuit Fill conversion
electrode Current  (Jsc) voltage (Voc) factor efficiency (I])
(mA/cm2)
1 Pt 15.3 0.670 0.70 7.2
2 Pt-MWCNT 17.2 0.690 0.71 8.6
3 MWCNT 15.1 0.655 0.68 6.7
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The 1-V curve characteristics and calculated efficiency of solar cells which were fabricated by
these counter electrodes are shown in Fig. 5 and table 1. It is seen that the solar cells with MWCNT-
CE had more conversion efficiency than other cells. Other studies postulated that efficiency of
MWCNT electrodes immerges from its metallic nature [17] or their extraordinary high electrical
conductivity [18] or large surface area of electrodes [19].1f all of these finding are true, efficiency of
cells which was fabricated by MWCNT-CE must better than others but results shows opposite results,
then may be combination of platinum and MWCNT generate new structure and improve efficiency of
cells. This structure is seen in case of the cells with Pt-MWCNT-CE. As seen from Fig. 3, the Pt film
is not compact and the large pore is present on it. Therefore, during the CNT spraying, the particle of
CNT can be deposited on the surface of Pt and also into the porous space and thus the surface area of
the Pt is increased. Moreover, Pt itself acts as a light reflector at the same time and thus can
remarkably improve the light absorption by the semiconductor surface [20]. These dual facts may be
the main reason for the increased efficiency of the solar cell when the Pt-loaded MWCNT film is used
as a counter electrode. These findings are similar to B. Ahmmad et al. [21] and Jing-Zhi Chen et al.
[22] results. They investigated effect of SWCNT counter electrodes on efficiency of dye sensitized
solar cells and showed that DSSCs were made of Pt alone and SWNT alone films had similar
efficiency but the best efficiency was obtained for the Pt-loaded SWNT-film counter electrodes[21].

4. CONCLUSION

The effect of carbon nanotubes on the performance of DSSC showed that the DSSC fabricated
with Pt-MWCNT-CE had current density of 17.2 mA/cm2 and voltage of 0.690V and conversion
efficiency of %8.6.this cell showed highest photovoltaic performances. These results attributes to the
increasing the surface area of counter electrode. Furthermore, CNTs behaved as catalysts in the
iodide/tri-iodide redox reaction, and Improved catalytic activity .moreover Pt itself acts as a light
reflector at the same time and thus may remarkably improve the light absorption by the semiconductor
surface.
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