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Abstract. Dye Sensitized Solar Cell (DSSC) is a solar device that works based on
the principle of electrochemistry, where the sensitive dye is absorbed by the TiO2
photoelectrode layer. The disadvantage of this solar DSSC is that it still has low
efficiency compared to silicon solar cells. This study investigates the addition of
reduced Graphene Oxide (rGO) to the TiOz layer. The semiconductor layer is made
in the form of a hybrid between rGO and TiO2. The purpose of this study is to
improve the performance of DSSC by adding hydrazine hydrate to the rGO/TiO2
hybrid as a photoanode. The method used in this study was to add hydrazine hydrate
4 ml, 5ml, 6 ml, 7 ml, and 8 ml. Tests carried out on the DSSC that had been made
were current and voltage tests using a solar simulator to determine the changes in
electric current that occurred. The conclusion of this study was that there was an
increase in current with the addition of hydrazine hydrate. The results of the test
using the highest current solar simulator were 56.00 pA with the addition of 7 ml of
hydrazine hydrate.
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1. Introduction

Since Gritzel announced his landmark discovery in 1991, Dye-Sensitized Solar Cells
(DSSC) technology has attracted great attention, especially as demand for the
development of renewable energy sources increases. DSSC has advantages, such as
cheaper production costs, simple manufacturing processes, environmentally friendly
materials, and efficient energy conversion performance [1]. DSSC is a third generation
photovoltaic technology that has great potential in converting solar energy into
electrical energy [2].

DSSCs consist of several different components such as a conductive glass substrate, a
mesoporous semiconductor film, a sensitizer, an electrolyte with a redox couple, and a
counter electrode [3]. The function of the sensitizer includes absorbing incoming light,

transferring the existing electrons to the semiconductor, and being regenerated by
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redox couples in the electrolyte. The use of natural dyes has been considered as a
potential alternative to increase the light response of semiconductors in the active
layer of solar cells, one of which is anthocyanin extract in Moringa oleifera leaves [4].
Graphene oxide (GO) is a two-dimensional (2D) nanomaterial consisting of a single
sheet of sp2 hybridized carbon, sp3 hybridized carbon sites, and oxygenated groups,
which is obtained from the oxidation and exfoliation process of graphite [5]. Apart
from that, GO has high electron mobility, good optical properties, and thermal,
chemical and mechanical stability [6]. This process mimics natural photosynthesis by
using dyes as light traps to produce excited electrons, where titanium dioxide (TiO2)
replaces carbon dioxide as electron acceptor, iodide and triiodide replace water and
oxygen as electron donors and oxidation products, as well as a multilayer structure
(similar to thylakoid membrane) to increase both light absorption and conversion
efficiency [2]. Nanocrystalline TiO2 has mesoporous properties, good stability, and a
fairly large band gap [7].

However, one of the main problems hindering the commercialization of DSSCs is the
lower conversion efficiency compared to conventional p-n junction solar cells
attributed to poor charge separation in the DSSC structure [6]. To increase efficiency
and minimize the bandgap, a TiO2/rGO hybrid is needed. Reduced graphene (rGO)
apart from being low cost is also available in large quantities. In fact, reduced rGO
exhibits unique electrical, electrochemical, and optical properties as well as extremely
high charge carrier mobility. In addition, rGO reducers have high qualities such as
easy accessibility, good flexibility, and transparency. This shows its potential for use
as an efficient photoelectrode. In general, GO reduction has a monolayer of sp2
hybridized carbon atoms [8]. rGO nanoparticles were synthesized via a chemical
reduction method, from graphene oxide with hydrazine as a reducing agent, rGO was
used as a photocatalyst [9].

From several DSSC studies that used chemical reduction reactions for rGO/TiO2 with
the addition of different hydrazine hydrates such as in research [1] with a hydrazine
hydrate content of (0, 0.1, 0.2, 0.3 mg) which was heated to a temperature of + 350°C
for £30 minutes with a current of £0.0005 — 0.0012 mA/cm?2.

According to [10], chemically reduced TiO2/rGO synthesis was done by adding 5 mL

of hydrazine hydrate which was heated at a temperature of +£60°C for £12 hours.
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Experienced an increase in efficiency of 85.38%, compared to 72.49% without rGO.
According to [11] dssc in this research it worked successfully and had quite good
performance. Which provides a good response when given light illumination
variations of 2000, 4000, 6000, 8000, 10000 lux with currents of (0.00799 mA,
0.01103 mA, 0.01637 mA, 0.01963 mA, 0.02421 mA) at DSSC 1, (0.0009933 mA,
0.0022197 mA, 0.0024319 mA, 0.0049613 mA, 0.0063365 mA) on DSSC 2,
(0.0001367 mA, 0.0001760 mA, 0.0001418 mA, 0.0002215 mA, 0.0002798 mA) on
DSSC 3 using CFL 15 watts. According to [12] based on the results of short circuit
current measurements DSSC (dye leaf distance) with light intensity levels of 3000,
5000, 7500, 10000, 15000, 20000, 30000, 50000, 70000 has a current of 1.6 puA, 4 pA,
4.4 A, 6.1 pA, 8.25 pA, 13.5 nA, 16.65 pA, 25.05 pA, 29.2 pA.

Based on previous research, researchers will explore variations in the amount of
hydrazine hydrate added to rGO/TiO2 using a sensitizer derived from Moringa leaves

using ethanol solvent.

2. Research Methods

2.1 Synthesis of Graphene Oxide

Synthesis was carried out by modifying the hummer method, Graphene Oxide (GO)
solution was mixed with 3 ml of H20 and sonicated for 3 hours. Add varying
amounts of hydrazine hydrate as much as 4 ml, 5 ml, 6 ml, 7 ml, 8 ml and stir using a
magnetic stirrer for 2 hours at a temperature of 70° until the solution changes color to
dark black [13]. then the sample is filtered and the residue is taken.

2.2 Synthesis of Titanium Oxide/ Reduced Graphene Oxide (TiO2/rGO)

Ti02/rGO synthesis was carried out using the Khalid method. Making TiO2/rGO
begins by dispersing 0.5 g of rGO, mixing it with 5 g of TiO2 and stirring using a
magnetic stirrer for 2 hours [10]. Next, the paste mixed with TiO2/rGO was deposited
on FTO glass using the slip casting method. then the deposited layer is heated using a
furnace at a temperature of 400° for 30 minutes [14].

2.3 Preparation of dye solution

Making dye is done by separating Moringa leaves from the stems, taking 50 g of

Moringa leaves. The collected leaves are then ground into powder using a blender
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with 100 ml of deionized water each as the extraction solvent. The solution is filtered
to separate the filtrate from the residue [4]

2.4 Electrolyte preparation

lIodine-free IL gel electrolyte was prepared by dissolving 50 mg DMPII in 2.5 ml
acetonitrile with stirring for about 10 minutes, then adding 5% KI to the solution
while stirring. Then, 20 wt% of PEO-PEG (relative to the amount of acetonitrile) was
added and stirred to obtain a homogeneous electrolyte, with the PEG/PEO weight
ratio varying by 1/3. For comparison, 0.03 M iodine was added to the iodine-free IL
gel electrolyte [15]. Then 3 drops of electrolyte are added to the electrode that has
been soaked in dye

2.5 Preparation of carbon electrode counter

The counter electrode is made with conductive glass (FTO glass) coated with carbon.
As a carbon source, candle flame soot is used which is heated until a black layer
forms [11].

2.6 DSSC assembly

The dssc assembly process is carried out by uniting the substrate (working electrode
and counter electrode). The carbon-coated counter electrode is placed on top of the
working electrode substrate layer to form a sandwich layer, where each end is offset

for the electrical contact. Then the substrate layer is clamped using clips [11].

3.  Results and Discussions

3.1 Current and Voltage Testing

DSSC testing was carried out using a light source from a 100 Watt lamp in a closed
box measuring 50 cm x 50 cm with a height of 60 cm. This test aims to see the DSC
response to light. The test was carried out by observing the current and voltage
response produced by the DSSC with variations in the amount of hydrazine hydrate of

4 ml, 5 ml, 6 ml, 7 ml, and 8 ml as shown in Figure 1.
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Figure 1. Relationship between current, and hydrazine Hydrate
Table 1. Current test results data
Hydrazine hydrate 4 ml Sml 6 ml 7 ml 8 ml
Current (1LA) 38.50 54.70 23.00 56.00 16.00

From the test data, it shows that variations in the concentration of hydrazine hydrate
have a quite significant influence on the current produced in the dssc. The addition of
4 ml of hydrazine hydrate shows that the resulting current is 38.50 pA and a voltage
of 0.468 mV, thereby increasing the efficiency of electron transfer at the photoanode.
When 5 ml of hydrazine hydrate was added, it showed a current of 54.70 pA and a
voltage of 0.400 mV. Showing an increase compared to the amount of hydrazine
hydrate of 4 ml, there was optimization of the rGO/Ti0O2 structure which allows more
efficient electron transfer in increasing conductivity and reducing electron-hole
recombination. When adding 6 ml of hydrazine hydrate, the current decreased by
23.00 pA and the voltage by 0.429 mV. This decrease shows that there is an optimal
limit for adding hydrazine hydrate. The process of adding higher levels of hydrazine
hydrate causes structural changes in the rGO/Ti02 material which can inhibit electron

transfer such as particle agglomeration which causes clusters or lumps to occur so that
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the stability of the process is reduced. The addition of 7 ml of hydrazine hydrate
shows a current of 56.00 pA and a voltage of 0.560 mV, indicating an increase in the
formation of a more complex and optimal structure resulting in an increase in better
electrical conductivity. The addition of 8 ml of hydrazine hydrate showed a decrease
in current of 16.00 pA and voltage of 0.280 mV. This decrease shows that greater
amounts of hydrazine cause changes in the structure of rGO/Ti02, causing a decrease

in conductivity.

4. Conclusion

Based on the results of the discussion, it can be concluded that rGO/TiO2 shows that
the addition of hydrazine hydrate has a significant influence on DSSC performance
with the addition of 7 ml of hydrazine hydrate resulting in the highest current increase
of 56.00 pA. Demonstrating that the ideal amount of hydrazine hydrate can

substantially improve photoanode performance.
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