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Abstract

The use of carbon compounds and natural pigments
help to build easy and cheap dye-sensitised solar
cells. Accordingly, graphene oxide is used asa layer
separation on the pigment with more efficiency. Also,
instead of an expensive and commercial pigment,
chebula terminalia plant which is cheap, abundant
and environmental friendly was used. In the presence
of graphene oxide, more voltage and conversion
efficiency are obtained compared to the solar cell
without the graphene oxide.

Keywords: Solar Cells,
Sensitised Solar Cells

Graphene Oxide, Dye-

Introduction

It is reported that energy shortage and environmental
pollution are the major problems of the 21st century
(Tsai, Chen, Hsiao, & Chuang, 2015). According tothe
announced reports, world energy consumption will
increase to 53% before 2035. In addition tothe increasing
population, it has direct relationship with the economic
growth of countries (Conti & Holtberg, 2011; Magaira,
Andrade, & Mendes, 2013). Most of the energy required
for humans was provided by fossil fuels such as oil, coal,
and natural gas. Therefore, the development of renewable
energy sources to reduce the emission of carbon dioxide,
methane and other harmful substances is necessary.
Thesun is a source of energy which is free, clean and away
from damaging environmental impacts which has long

been used by humans in different ways. The solar cell
is a device that converts the solar energy into electricity
through photovoltaic effect (the direct conversion of solar
energy into electricity) without connecting to an external
voltage source (Imahori, Umeyama, & Ito, 2009). Due to
the ease offabricationof silicon solar cells, nanostructured
solar cells are highly preferred compared to silicon solar
cells. Dye-sensitised solar cells (DSSCs) are one of the
third generation solar cell technologies which can be
considered as plenty due to its advantages such as ease
of fabrication, low-cost, flexible, use of different colors
in it, less sensitive to the radiation angle of the light,
and performance in terms of softened (such as cloudy)
(Toyoda & Sano, 2004; Rostami, Nemati, Byranvand,
Mohammadpour, & Faridi, 2015; Yao & Hang, 2014).
Compared to the silicon solar cells, DSSC scan be used
with different types of substrate, more environmental
friendly and more cost-effective (Chou, Chen, Lin, Lu,
& Wu, 2011; Lewis, 2007; Kim, Kim, Choi, Kang, Song,
Kang, Ko, 2008; Gritzel, 2004). For the first time, this
type of cells was reported in Lausanne, Switzerland in
1991 by Gritzel Iwith solar cell conversion efficiency
of 7. 9% (Ellis, 2013). So far, efficiency of up to 12%
was achieved for DSSC (Lanfang & Zhang, 2014; Yella,
Lee, Tsao, Yi, Chandiran, Nazeeruddin, Diau, Yeh,
Zakeeruddin, & Gratzel, 2011). DSSCis considered as an
important topic of research with over 1000 articles being
published until year 2010 (Tarsang & Promarak, 2014,
Peter, 2013).
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Structure and Function Dye-
Sensitisedsolar Cells

A dye sensitised solar cell is made up of the following
components (Oprea, 2014). the transparent conductive
oxide (TCO)-covered glass, light-sensitive dyes,
semiconductor oxide (a porous layer of nanocrystalline
with wide band gap, such as TiO, (anode)), the counter
electrode (cathode), and electrolyte. After being exposed
to the radiation light, the electrons of the pigments were
transferred to the conduction band of the semiconductor
oxide. The vacancies of electrons in the pigments were
filled with the transferred electrons from the electrolyte to
the dye molecules and the pigments returned to their base
state. The electrolyte used in the solar cell usually consists
of oxidation-reduction mechanism(such as electrolyte
iodide/triiodide). The electrons that were transferred from
the electrolyte to the pigments by reducing the triiodide
electrolyte solution in the vicinity of the counter electrode
(cathode) had returned to the electrolyte. The cycle of
the transfer of electrons from the anode to the cathode
was completed through an external circuit (Yang, 2013;
Sacco, 2015).

Fig. 1: Schematic Diagram of the Structure and
Function Dye-Sensitised Solar Cells
L]
i3 8
< 8 o
g 5 =
@ EH g
3 3 [ o
i £ 32
[=]
Light § E o 8 o
- a > g =
w o 1]

m
;5:"‘_
LR
I Counter electrode

lm.

(e

According to Fig. 1, a chemical reaction inside the cell
starts with Photon absorption by the dye molecules then
the injection of produced electrons to semiconductor
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oxide which is going to penetrate into TCO, counter
electrode, electrolyte that helps to the reduction of tri-
iodide and oxidation of iodide, and finally electron is
transferred to the dye. Due to the good conductivity and
high specific surface area of graphene and its derivative,
significantly, many researchers have been using graphene
and its derivatives to fabricate solar cells (Fang & Li,
2014). In this study, graphene oxide had been successfully
used in the DSSC with higher conversion efficiency. It is
demonstrated that graphene oxide is a modified graphene
with oxygen functional groups (Gao, Lui, Lee, & Zhang,
2012; Gao & Li, 2014). Two types of TiO, had been used
in this experiment.

Experimental

In this experiment, two different DSSCs had been
fabricated, without and with the use of graphene oxide
as the layer separation. Forthe fabrication of the first cell,
two FTO glasses with dimensions of 2. 5 x2. 5 cm and
resistance of 15k Q /] (purchased from the University
of Sharif in Iran)were initially washed with distilled
water and ethanol. Then, the DSSC working electrodes
were fabricated by firstattaching Scotch tape templates
that were prepared by punching 3-mm-diameter holes
in them. Forthe preparation of the paste of titanium
dioxide (TiO,), 1. 5g powderof TiO, was mixed with
average particle size of 10-15 nm and 0. 5g powder TiO,
was mixed with average particle size 0of100 nm. Then,
9 mlethylene glycol and two drops of triton X-100were
added into the mixture. The paste was finally prepared
by grinding the mixturein a mortar for half an hour until
a homogeneous paste was obtained. Then, the paste was
spread on the glass and was coated onto the blocking layer
by a glass rod and sintered at 400°C for 30 min in the air,
then cooled to room temperature. The extract of terminalia
chebula has been milled before 25g terminalia chebula
was dissolved into 20ml of ethanol. The dye was loaded
by immersing the TiO, anode in the terminalia chebula
for 3 hours, and then the glass was washed with distilled
water and ethanol. On theother glass of the conductor,
paste of platinum(purchased from the University of Sharif
in Iran)was spread on the glass by glass rod and sintered
at 450°C for 20 min in the air, and then the glasses were
put onto each other in the form of stair. At the end, two
drops of electrolyte were injected into the cell through the
corner of the glasses (Solar cell(1)). For the fabrication



Graphene Oxide Based Dye-Sensitised Solar Cells Using Terminalia-Chebula I 31

of the second DSSC, graphene oxide was used in the cell
and all fabrication processes of the cell are similar to the
previous processes. After coating the layer of terminalia
chebula, two drops of colloidal solution of graphene oxide
0. 04 mg/ml were dissolved in water (purchased from the
University of Amir Kabirin Iran) and then sprayed onto
the pigment of terminalia chebula and sintered at 100°C
for 15 min. Graphene oxide layer was coated between the
dye and platinum layers.

Results and Discussion

For the measurement of I-V and efficiency of solar cell,
natural light of the sun was used with luminous intensity
which was according to the standard that was obtained by
the following (http://www. pveducation. org):

For the analysis of solar cell, Air Mass (AM) must be 1.
5. The AM is the path length which light takes through
the atmosphere normalised to the shortest possible path
length (that is, when the sun is directly overhead). The
AM is defined as:

1
cos O
where 0 is the angle from the vertical (zenith angle)

AM =

Fig. 2: Solar Cell

Solar cell

AM=1.5—1.5= —cos 0=0.66 — 0=48

Cos
A method to earn 6 = 48 and the AM = 1. 5 is by using the
shadow of a vertical pole. The AM obtained by using the
fixed rods were:

X 2
= 1 —
AM +(Y)

Fig. 3: AM by Using Fixed Rods

Rod height (Y)

Shadow length (X)

If AM = 1. 5 — Direct beam intensity(Ip) = 0. 846 kW/
m? and the estimation of global irradiance(lg) = 0. 9306
kW/m?

Therefore, in this study luminous intensity = 0. 9306 kW/
m? was used.

The following circuit was used to record results of the
electric cell:

Fig. 4: Circuit

The efficiency of solar cell was obtained using the
following equation:

[ Vm[m — Js'cI/()c FF
B, P,
Tablel: Characteristics of DSSC (without the use of
GO)
Voe(v)  Jse(MA/em®)  FF% %
Without GO | 0. 499 | 6. 15 63 2.08

Where is the short circuit current density, is the open
circuit voltage, = /is the fill factor, is the incident input
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power, is the maximum output power, J, and are the
maximum power the point current density and voltage,
respectively.

Fig. 5: Diagram of Current Density—\Voltage (DSSC
Without the Use of Graphene Oxide)
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Table 2: Characteristics of DSSC (With the Use of
GO)

V..(v) Jo(mA/cm?) FF% %n

With GO |0.769 |6.22 58 3.01

Fig. 6: Diagram of Current Density—\Voltage (DSSC
With the use of Graphene Oxide)
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According to Tables 1 and 2 and Figs. 5 and 6, the value
of short circuit current(was varied a little. However, the
open circuit voltage(was enhanced from 0. 499t0 0. 769 V
when the graphene oxide was used as the separation layer.
In fact, the presence of graphene oxide layer between the
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dye and the platinum in DSSC had enhanced the distance
between the fermi level of TiO,. The voltage of the
cell had also been enhanced, and finally the conversion
efficiency of the cell had also been enhanced.

Photos of solar cells (DSSCs) fabricated in the laboratory
were indicated in Figs. 7 and 8.

Fig. 7: DSSC Without the Use of Graphene Oxide

Fig.8: DSSC With the Use of Graphene Oxide

Conclusion

In this study, to enhance the conversion efficiency of
dye-sensitised solar cells, graphene oxide in the form of
separate layer between the semiconductor and platinum
was used. Graphene oxide embedded solar cell indicates
higher voltage and therefore the enhanced efficiency as
well. Also, the mixture of TiO, with different sizes as a
new titanium dioxide paste is employed and marvelously
the results is improved. The mixed paste contains two
types of TiO, particles with different sizes, one nano and
another one is in micro size, which can be explained in
the form of good dye absorption by the mixture as well.
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