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ABSTRACT: A comparative study of dye sensitized solar cell (DSSC), one with a magnet and the other without a
magnet, has been carried out. The current (1)-voltage (V) characteristics of the cells have been determined. For the cell
with a magnet, the short circuit current density (Jsc) = 8.5 mA/cm?, open circuit voltage (Voc) = 0.7 V, fill factor (FF) =
46.6% and efficiency (1) =2.82%. For the cell without a magnet, Jsc = 10.58 mA/cm?, Ve = 0.7 V, FF = 42.9% and (1))
=3.18%  Therefore, Nd-Fe-B magnet directly affects the performance of the solar cell. The cells were continually
exposed to sunlight after fabrication for 90 days and their long term stability studied. Though the photovoltaic
performance of both cells reduced with time, the cell sealed with magnets recorded a better stability
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I. INTRODUCTION

The world’s energy focus has shifted from burning fossil fuels to relatively less expensive, efficient and renewable
resources especially the solar energy as indicated in [1]. This is due to the fact that fossil fuel is slowly, but inevitably
vanishing and produces gases that have a negative effect on environment, health and climate as stated in [2, 3] . In
addition, the worldwide energy consumption is expected to double in the next four decades due to rapid population
increase and technological dynamism in many developing countries as stated by Hamann et al .[4] The authors in [5]
states that as a consequence of dwindling fossil fuel resources, a huge power supply gap of 14 terawatts is expected by
2050. According to Gratzel [6] solar energy, being abundant, is expected to play a crucial role as a future energy source.
In an attempt to utilize the energy from the sun, scientists have deployed photovoltaics, a field of technology and
research related to the devices which directly convert photons of light of specific wavelengths into electricity. The
solar cell is the elementary  building block of the photovoltaic technology. The solar cell is made of
semiconductor materials and they include wafer-based silicon solar cells, amorphous thin film, Cadmium Telluride and
dye sensitized solar cell with silicon being the main area of focus. Silicon solar cells have some shortcomings with its
biggest problem being cost since they require a relatively thick layer of doped silicon in order to have reasonable
photon capture rates, and silicon processing is expensive as explained by Chung et al. [7]. There have been a
number of different approaches to reduce this cost over the last decade, notably the thin-film approaches, but to date
they have seen limited application due to a variety of practical problems. Another line of research has been to improve
efficiency through the multi-junction approach, although these cells are expensive and suitable only for large
commercial deployments. Energy conversion efficiency of a crystalline silicon-based solar cell is 24.4%, which is more
than twice DSSC’s which is closer to 11%.

Despite their low energy conversion efficiency, DSSCs are currently the most reliable and cheap third-generation solar
technology available. They have several advantages, such as low cost-to-performance ratio, low cost of fabrication,
functionality at wide angles and low intensities of incident light, mechanical robustness, and low weight over the other
photovoltaic devices as indicated in [8]. The process of injecting an electron directly into the titanium dioxide is
qualitatively different to that occurring in a traditional cell, where the electron is "promoted™ within the original
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crystal Khan et al [9]. In theory, given low rates of production, the high-energy electron in the silicon could re-combine
with its own hole, giving off a photon (or other form of energy) and resulting in no current being generated.

According to Khan in [10], DSSCs work under cloudy skies and non-direct sunlight, as opposed to traditional designs
which suffer a "cut out" at some lower limit of illumination, when charge carrier mobility is low and recombination
becomes a major issue. The cut off for DSSC is so low they are even being proposed for indoor use, collecting energy
for small devices from the lights in the house. A practical advantage, which a DSSC share with most thin-film
technologies, is that the cell's mechanical robustness indirectly leads to higher efficiencies in higher temperatures.
DSSCs are normally built with only a thin layer of conductive plastic on the front layer, allowing them to radiate away
heat much easier, and therefore operate at lower internal temperatures. The DSSC is transparent, has a low power
generation cost and can be produced in various colours.

I1.LITERATURE REVIEW

A DSSC is a low-cost solar cell belonging to the group of thin film solar cells Haiying in [11]. The cell is composed of
four elements, namely, the transparent conducting and counter conducting electrodes, the nanostructured wide bandgap
semiconducting layer, the dye molecules (sensitizer), and the electrolyte. The transparent conducting electrode and
counter-electrode are coated with a thin conductive and transparent film such as fluorine-doped-tin dioxide (SnO,).
Figure 1 below shows the structure of the DSSC:
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Figure 1: The structure of solar cell [12]

Both conducting electrode (photoelectrode) and counter electrodes are made from clear glass due to its relative low cost,
availability and high optical transparency in the visible and near infrared regions of the electromagnetic spectrum.
Conductive coating (film) in the form of thin transparent conductive oxide is deposited on one side of the substrate.
The nanostructured wide bandgap oxide semiconductor (electron acceptor) is applied on the conductive side. The
counter electrode is coated with a catalyzing layer such as graphite or platinum.

The use of sensitized wide bandgap semiconductors such as TiO, or ZnO, resulted in high chemical stability of the cell
due to their resistance to photo-corrosion. The problem with bulky single or poly-crystalline wide bandgap is the low
light to current conversion efficiency thus the adoption of nanostructured materials that showed remarkable changes in
mechanical, electrical, magnetic and optical chemical properties of the cell as explained in [10]. Because it is abundant,
low cost, none toxic, biocompatible and have good chemical stability in solution while irradiated, Titanium dioxide is
preferred to be used in dye-sensitized solar cells according to the authors in [13] and [14]. The authors in [15], [16] and
[17] explains that the preparation procedure for DSSC is quite simple since it requires no vacuum facilities and it has a
high efficiency than ZnO,.
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Dye molecules of proper molecular structure are used to sensitize wide bandgap nanostructured photoelectrode. Upon
absorption of photon, a dye molecule adsorbed to the surface of say nanostructured TiO, gets oxidized and the excited
electron is injected into the nanostructured TiO,. Gratzel group developed the cis-Di(thiocyanato)bis(2,2'-bipyridyl)-
4,4'-dicarboxylate) ruthenium(ll), coded as N-719 dye which is an outstanding solar light absorber and charge-transfer
sensitizer. It also has relatively higher conversion efficiency as stated in [18]. Electrolyte containing I”/I’; redox ions is
used in DSSC to regenerate the oxidized dye molecules and hence completing the electric circuit by mediating electrons
between the nanostructured electrode and counter electrode.

When the DSSC is illuminated, the dye absorbs the photons of light and one of the electrons in the dye goes from a
ground state to an excited state as shown in equation 1. The excited electron jumps to the titanium dioxide layer and
diffuses across the film. The dye molecule, having lost an electron to the titanium dioxide, is oxidized as shown in
equation 2 by Khan [10]. The electron then diffuses to the conductive electrode, travels through the load, and reaches
the counter-electrode as shown in equation 3. The oxidized dye obtains electron from the iodine electrolyte and the dye
goes back to ground state as shown in equation 4. This causes the iodine to become oxidized according to Gratzel and
Roh in [19] and [20] respectively. When the original lost electron reaches the counter electrode, it gives the electron
back to the electrolyte as shown in equation 5.

1) Excitation process S+ photon—S*
2) Injection process S*+ TiO,—¢ rion*+ S

3) Energy generation € '(rioy+C.E.—TiO,+e c g y.€lectrical energy

4) Regenerationofdye 5%+ %I‘ =5+ %I;

5) e Recapture reaction

(SN

I;+esz—>I"+C.E.

A drawback of the dye sensitized solar cells filled with liquid iodide electrolyte is leakage, leading to reduction of
cell’s lifespan. Many research groups have investigated the use of ionic liquids, polymer, and hole conductor
electrolytes to replace the need of organic solvents in liquid electrolytes in an attempt to solve the problem of long-
term stability with no promising outcome; though stable, these have relatively low cell efficiency of 4-7.5%
compared with 12% of the liquid electrolyte. This has necessitated the need to stick to the iodide electrolyte despite it
being volatile. This research explored the probability of neodymium-iron-boron permanent magnet (Nd-Fe-B) solving
the problem of leakage.

Nd-Fe-B permanent magnet is compact, inexpensive and its current-voltage characteristics are diffusion controlled at
conditions where noble metal electrodes of similar size are dominated by natural convection. One-electron oxidation
of iodide generates the anion radical triiodide, whose concentration is higher at the electrode and fades away in the
solution defining the diffusion layer. The magnetic field of Nd-Fe-B magnet has a potential to attract and retain this
diffusion layer in contact; preventing the effect of natural convection that leads to leakage with reference to Bard and
Faulker in [21]. By inclusion of the magnet, it was anticipated that lifespan of the cell would be prolonged.

1. METHODOLOGY
The following materials were obtained from Solaronix (An online shop that deals with solar cells materials based in
Switzerland.): Platinum solution, Titanium dioxide paste, ruthenium N719 dye, glass slides and iodine

electrolyte.Neodymium-iron-boron magnet was obtained from Indiamart, India. Other materials which included
deionized water, ethanol and acetone were obtained locally.
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Preparation of the Photoanode

The glass substrate, a fluorine-doped-tin oxide(FTO) with a thickness of 2.2mm and electrical resistance of 7ohm/sq.
mm , was thoroughly washed in acetone, ethanol and rinsed in deionized water. It was then dried using a hot-air drier.
Titanium dioxide was pasted on the FTO by the doctor-blading method. After that the substrate was annealed at 450°c
for 30 minutes to allow it to form a nanoporous, large surface area TiO, layer according to [10]. Dye impregnation was
done by immersing the TiO,-coated FTO at 80°c in 0.5 mM N719 ethanol solution for 24 hours. The electrode at 80°c
greatly reduces its chance of absorbing any ambient moisture

Preparation of the Photocathode

The glass substrate, a fluorine-doped-tin oxide(FTO) with a thickness of 2.2mm and electrical resistance of 7ohm/sq.
mm , was thoroughly washed in acetone, ethanol and rinsed in deionized water.

It was then dried using a hot-air drier. Platinum solution was pasted on the FTO by the doctor blading method. After
that the TiO, was annealed at 450°C for 30 minutes.

Assembly of the Solar Cell and Testing

A dye-sensitized solar cell was assembled by sealing the dye-coated TiO2 electrode with the platinum-coated FTO
counter electrode using a thermal plastic hot-melt sealant with a thickness of 50 um leaving a small space for the
electrolyte introduction. The electrolyte was then introduced into the space between the electrodes via the small space
that was left during sealing, which was later sealed by already melted plastic hot-melt sealant. A second cell was sealed
by simply placing the two electrodes together without the hot melt sealant. The electrolyte was then injected between
the electrodes. The electrodes were then held together by two magnets, one on either side. The cells were kept in
darkness for 24 hours to allow the electrolyte to dissolve before characterization. During characterization the cells were
covered with a black-printed paper with a hole measuring 0.64 cm? for the active area. The completed DSSC was
illuminated with a 450 W halogen lamp placed 30 cm away and photovoltaic performance measured. The intensity of
the lamp was 100 mW/cm? The Voc and Isc were obtained by connecting the illuminated cell directly to the
multimeter. The current density-voltage (J-V) characteristic curve was obtained by connecting the electrodes to a
variable resistor as shown in the circuit below that was obtained from [22].

L]ght\ "arlable

- g Load
h: ﬁ’

Figure 2: Experimental setup for measuring the current voltage characteristics of DSSC

The equations below obtained from [19] and J-V curve were used in calculating the fill factor and efficiency
y = SMax xlﬂﬂ—mxmﬂ (6)

Where the fill factor is given by;

| =V
FF = Max*Vuax (7)
IeexVpr
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Where 1 is the energy conversion efficiency, Pyax iS the maximum power produced by the cell, P,y is the power into

the cell, FF is the fill factor, V¢ is the open circuit voltage, Isc is the short circuit current, lyax is the current at the
maximum power and Vyax is the voltage at the maximum power.

IV. RESULTS AND DISCUSSION

The following graphs were obtained from the data collected by plotting current/power density against voltage as shown
below:
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Figure 3: A graph of power density /current density against voltage (a) cell without a magnet (b) Cell with a magnet.

The cell without a magnet (figure 3 (a)) recorded an initial Voc=0.7 V, Jsc = 10.58 mA/cm?, Pyax =3.18 mW/cm?,
Vumax = 0.391 V, Jvax = 8.14 mA/cm?, 1 = 42.9%, FF= 3.18%. The cell with a magnet (figure 3 (b)) recorded its
initial values as follows: Jsc=8.5 mMA/cm?, Voc= 0.7 V, Juax= 6.65 MA/cmM?, Viyax = 0.434 V, Pyax = 2.82 mW/cm?, FF
=46.6% and 1=2.82%. The Jsc is slightly lower than the one for the cell without a magnet.

The V. is a function of the semiconductor band gap and charge recombination in the cell which voltage generated
under illumination corresponds to the difference between the Fermi level of the electron in the solid and the redox

potential of the electrolyte. Jsc mainly depends on the light harvesting, eventual charge separation at the Dye/TiO2
interface and ambient temperature.

Table 1: The photovoltaic parameters of the DSSCS

DSSC CEs | Jsc Voc | Jmax Vmax Pmax FF 1] (%)
maem) | (V)| (mAem?) | (V) (mW/cm?)

Cell with a| 85 0.7 6.65 0.424 2.82 46.6% | 2.82

magnet

Cell without a | 10.58 0.7 8.14 0.391 3.18 42.9% | 3.18

magnet

The cell with a magnet as observed in figure 3 (b) had lower conversion efficiency due to the lower current density.
When current flows in a conductor, there is a magnetic field built around it. If a magnet is brought near the conductor
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its magnetic field interacts with the field due to the conductor exerting a repulsive force on the current. Some work has
to be done to overcome the force. As a result there is a reduction in the current flowing through the circuit. This
explains why the cell with the magnet recorded a lower Jsc and Jyax than the one with a magnet. The magnetic field
due to the Nd-Fe-B magnet interacted with the field due to the current in the circuit producing a repulsive force. Some
current was used to do the work required to overcome the repulsive force, hence its low value. The magnet doesn’t

have any effect on the open circuit voltage.
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. y [ —o— Cell with a magnet
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Figure 4: (a) A graph of short circuit current against time and (b) a graph of open circuit voltage against time

As observed in figure 4 (a) the Jsc for the cell with a magnet was initially at 8.65 mA/cm? which decreased with time
and reached 2.37 mA/cm? after 90 days. The short circuit current for a cell without a magnet also decreased from the
initial 10.54 mA/cm? and reached 0.01 mA/cm? after 90 days. The open-circuit voltage for both cells was initially 0.7
V The voltage decreased with time reaching 0.03 V and 0.361 V for the cell without a magnet and the cell with a
magnet respectively. It can clearly be seen in figure 4 (b) that the open circuit voltage for the cell with a magnet a
magnet reduced at a slower rate compared to the one without a magnet.

The initial efficiencies were 2.82% and 3.18% for the cell with and without a magnet respectively. These values
decreased with time with the cell without a magnet reaching almost zero at the 81* day as observed in figure 5 (a). The

cell with a magnet was relatively stable recording an efficiency of 0.42% at the 90" day.
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Figure 5: (a) A graph of efficiency against time, (b) graph of fill factor against time
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The initial fill factors were 0.47% and 0.43% for the cell with and without a magnet respectively. The FF for the cell
sealed with a magnet increased at a higher rate with time compared to the one without the magnet as shown in figure
(b). The cell with a magnet showed a better photovoltaic performance with time. This could be due to the reduced rate
of leakage. The magnet can therefore be termed to have reduced the rate of leakage. The FF of the two cells increased
slightly with time, however this could be likely as a result of reduced resistive losses due to falling Iy and not
improvement of the photovoltaic performance.

V. CONCLUSION

A comparative study was made on the |-V characteristics of a cell sealed with a magnet and another without a magnet

over a period of 90 days. The initial Jsc, Juax and Puax reduce considerably when a magnet is used. Findings of this
study indicate that the magnet does not have a significant effect on the initial Voc but it affects the Jsc. The magnet
reduced the rate of electrolyte leakage.
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