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ABSTRACT

Dye-Sensitized Solar Cell (DSSC) have been attracting huge attention because of
their efficiency, simple and low-cost fabrication process. In comparison to a
commercially available silicon solar cell, DSSC can be produced ata lower cost per
generated power [1]. This project will use chitosan as a binder to the ZnO photoanode
to analyse the performanceof dye-sensitizedsolarcell. The chitosan has been prepared
by four different techniques. The obtained chitosan was characterized using scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and X -
ray diffraction (XRD). Samples of white powder chitosan with degree of deacetylation
of 78% were obtained, as determined by FTIR spectra. The similar chitosan was used
to fabricate a dye-sensitized solar cell using 6% of chitosan and achieving voltage
value 0f 0.2783Vand current valueof 0.2519A. A simulation using GPV DM software
were done by varying the thickness of chitosan and manage to obtain the highest

efficiency of 2.7645% with 160nm thickness layer of chitosan .



i

ABSTRAK

Dye-Sensitized Solar Cell (DSSC) telah menarik perhatian yang besar kerana
kecekapan mereka, proses fabrikasi yang mudah dan kos yang rendah. Sebagai
perbandingan dengan sel solar silikon yang ada secara komersial, DSSC dapat
dihasilkan dengan kos yang lebih rendah per kuasa yang dihasilkan. Projek ini akan
menggunakan kitosan sebagai pengikat kepada fotoanod ZnO untuk analisis prestasi
sel solar yang peka dengan pewarna. Kitosan telah disediakan dengan empat teknik
yang berbeza. Kitosan yang diperoleh dicirikan menggunakan mikroskopi elektron
imbasan (SEM), spektroskopi inframerah transformasi Fourier (FTIR), dan difraksi
sinar-X (XRD). Sampel kitosan serbuk putih dengan tahap deasetilasi 78% diperolehi,
seperti yang ditetapkan oleh spektrum FTIR. Kitosan yang sama digunakan untuk
membuat sel solar peka pewarna menggunakan 6% kitosan dan nilai voltan 0.2783V
dan nilai semasa 0.2519A dicapai. Simulasi menggunakan perisian GPVDM
dilakukan dengan mengubah ketebalan kitosan dan berjaya mendapatkan kecekapan

tertinggi 2,7645% dengan lapisan kitosan ketebalan 160nm.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

Dye-Sensitized Solar Cell (DSSC) is advancing today as one of the reassuring
third-generation solar cells. To distinguish the purpose of light absorption from the
charge carrier's transport, the DSSC varies from traditional semiconductor devices.
The dye sensitizer will absorb the incident light, and the electron transfer reaction will
happen due to the light energy. DSSC's efficiency can be intensified by altering or
adjusting the parameter used for the solar cell. The critical problems with the current
DSSC development were the efficiency of low rate solar-electricity conversion. This
project aims to produce dye-sensitized solar cells and evaluate the ZnO photoanode

solar cell-based chitosan binder's efficiency. ZnO photoanode have a higher location



in the conduction band, allowing greater photovoltage to be produced. However, with
the addition of chitosan-based, its efficiency is likely to increase further, allowing
more electrodes to bind to the DSSC photoanode. The synthesis of ZnO photoanode
in this study can be carried out by several test synthesis of nanoparticles to study and
identify ZnO growth. Chitosan-based synthesis can be carried out according to the
recipe that other researchers have produced. The experiment's output can be analyzed
using several methods and observed the samples' visual images. There are essential
steps in paste preparation, glass deposition, stain with dye, counter electrode
preparation, solar cell assembly, and performance analysis for the DSSC
manufacturing portion. Therefore, the methodology for this analysis is based on the

Design of Experiment (DOE) to link the flow process to the outputs obtained.

1.2 Problem Statement

Over the past 20 years, DSSC's efficiency has continued to rise, with a
confirmed 14.1% record reached by Professor Michael Graetzel, a G24 Power
Consultative Council Member, and his team. Even so, there are still multiple research
have been conducted to further increase the efficiency of DSSC so one day it can
replace conventional solar cell. Polymer coatings make metal more flexible and
durable. There are many polymer/metal pairing in use throughout a variety of
industries and application. Chitosan is a polysaccharide composed mainly of -(1,4)-
linked 2-deoxy-2-amino-D-glucopyranose units. It was considered an environment-
friendly binder, possesses good viscosity and an effective electron binder. But can
polymer chitosan improve the efficiency of dye-sensitized solar cell if use as an

electrode binder?



1.3 Objectives
There are a few objectives that need to be achieved in this project. The
objectives of this project are listed below:
1. To synthesize, characterize and analyze Chitosan from shrimp
shell
ii.  To analyze the amount of Chitosan with the efficiency of solar
cell
iii.  To analyze performance of fully fabricated DSSC utilizing

Chitosan as the photoanode binder.

1.4 Scope of Work

The focus of this study will revolve around the understanding of Dye-
Sensitized Solar Cell’s layer, principle, and properties. The fabrication of solar cell
using Chitosan as the ZnO photoanode binder on Indium Tin Oxide (ITO) will be
deployed. The synthesis of chitosan will use shrimp shell as the based material. This
research focuses on the developing and analyze ZnO photoanode with different
amount of Chitosan that act as a binder of the DSSC based on its structure,

characteristic, electrical properties, and energy conversion efficiency.

1.5 Thesis Structure
In this thesis, there will be five chapters to describe the project flow which is
fabrication of Chitosan binder-based ZnO Photoanode for Dye-Sensitized Solar
Cell. The chapters in the thesis will be as follows: Introduction, Literature

Review, Methodology, Result, Discussion, and Conclusion.



Chapter 1 - This chapter discussed the background of the study, problem

statement, objectives, and scope of work of the project.

Chapter 2 — This chapter consists of the background study and research about
this project before fabrication. Besides, the background study contains the
fundamental of the dye-sensitized solar cell and previous works and journals that

related to this project.

Chapter 3 — This chapter involved the process employed during the project
development in methodology part, including the equipment, materials used and

fabrication procedures for the dye-sensitized solar cell.

Chapter 4 — This chapter will explain detail about the result and discussion as
well as analysis of the project after the fabrication process is done. Moreover, the
electrical characteristic of dye-sensitized solar cell and calculation of the

efficiency will also be defined.

Chapter 5 — This is the last chapter which is the conclusion of this project. The
conclusion consists of the summary and recommendation for a better future

development of this project.



CHAPTER 2

BACKGROUND STUDY

Background Study chapter contains the previous works on the experimental result and
density fundamental theory applied in this project. It contains the information

accumulation of the project in order to complete the whole project.

2.1 Solar Cell

A solar cell is a semi-conductor system that by electromechanical reaction
converts incident light from sunlight into electrical energy (photovoltaic effect) [1].
Solar cells are similarly produced and stored as computer memory chips [2]. The
French scientist Edmond Becquerel first demonstrated the photovoltaic effectin 1839.
Later, by developing selenium semiconductor with a gold electrode thin film, Charles
Fritts made the first photovoltaic cell in 1883[1]. While promising, photovoltaic cells

are faced with less efficiency and high-cost production, which refrain from large-scale



use. Many attempts have been made to improve photovoltaic cells' efficiency to

regulate electricity prices [3].

2.1.1 Generation of solar cell

Solar energy can either be obtained directly from sunlight or by indirect
methods. Various technologies for harvesting solar energy have been developed, such
as solar cells, which are efficient and have a strong market demand [2]. Based on solar
cell's relative cost and efficacy, they are typically divided into three distinct groups.
Inverse to single and multi-crystalline solar silicone cells is the first generation of PM
technology. As a thin film, the second generation of PV was launched, reducing the
cost. Double joints, triple junctions and nanotechnology are integrated into solar cell

production methods in the third generation [3].

Table 2.1: Generation of solarcell [1]

Generation of Solar
Cells
First Generation Second Generation Third Generation
- Monocrystalline - Amorphous Silicon - Dye-Sensitized
(Mono c-Si) (a-Si) (DSSC)
- Polycrystalline (Poly c- | - Cadmium Telluride - Perovskite (cell)
Si) (Cd-Te) - Organic (OPV)
- Amorphous Silicon - Copper-Indium- - Quantum Dot (QD)
Cells Selenide (CIS) - Kesterite solar cell
- Hybrid Silicon - Copper-Indium-
Gallium-Diselenide
(CIGYS)

2.1.1.1 First generation solar cell
The solar cells of the first generation are placed on the most powerful and
wholesale feasible silicon [4]. Bell Laboratories formed the first solar silicon cell in

1954, with an efficiency of 6 %. Conventional silicon solar cells, which are currently



the most competent solar cells available for residential use and registered for about
80% of all solar panels sold worldwide, are the first commercial silicon. In terms of
single-cell photovoltaic materials, silicon solar cells are the most effective, and silicon
is the largest element on earth. It is a semiconductor material suitable for PV
applications with an energy band gap of 1.1eV [1]. For PV applications with
magnificent properties (such as non-toxic, affluence, durable performance, etc.) and
good manufacturing, Silicon has been an enticing alternative [6]. Silicon supply is the
limited disadvantage of solar cells, requiring expensive processing technology and
wasting higher energy photons like heat [2]. First-generation solar cells consist of
monocrystalline, polycrystalline, amorphous, and hybrid silicon solar cells [4].
Monocrystalline silicon solar cells are formed by a single crystal of silicon cultivated
under highly composed conditions. These PV can perform up to 24 percent
photoconversion capacity, but their cost of production and poor conduct at exalted
temperatures are the fundamental problems. By growing distant intertwine silicon
crystals after monocrystalline, polycrystalline silicon solar cells are formed, making
them less costly and easier to prepare than monocrystalline. The efficiency of
photoconversion over the construction amount is, however, sacrificed. Solar cells of
the first generation are amorphous solar silicon cells which generate energy at a
minimum extent, for a compact and self-powered electronic equipment. Silicon’s thin
film is applied on metallic, plastic substrates, or glass in amorphous silicon solar cells,
differ from monocrystalline and polycrystalline solar cells. Because of the thin film,
the solar cell is greatly malleable, unfortunately its performance was lower (10
percent) and at low-light intensities, it does not work. For the purpose of combining
the benefits of amorphous and crystalline silicon, hybrid silicon solar cells were

designed. This type of solar cell, amorphous silicon is place over a crystalline silicon



wafer. The hybrid solar cell's photoconversion efficiency in dispersed light is more
significant contrast to its predecessors. In addition, the act also increased at exalted

temperatures compensate to amorphous silicon [4].

2.1.1.2 Second generation solar cell

Second-generation solar cells are based on thin-film. The architecture of the
solar cell is layered plus the usage volume of element is smaller than that of solar
crystalline silicon cells [4]. Thin-film solar cells consist of successive thin layers of
solar cells deposited just 1 to 4 pm thick on a large, low-cost substrate such as glass,
polymer, or metal. Thin films can be packed into compact and lightweight structures
which can be easily incorporated into building components (building-integrated PV,
BIPV) [5]. Manufacturing costs are also much smaller, leading to the highly
economical production of solar cells [4]. Thin film solar cells start to be deployed in
large quantities after more than 20 years of R&D. In theory, thin film solar cells can
supply less electricity than c-Si wafer solar cells [1]. Thin-film solar cells are based
on amorphous silicon (a-Si), Copper Indium Gallium Selenide (CIGS), Cadmium
Telluride (CdTe), and Copper Indium Selenide (CIS) and belong to the second
generation [2]. 24.7 percent of the peak efficiency was achieved for a thin-film solar
cell [4]. Higher yields (in terms of installed kWh/KWp) and shorter payback time for
electricity are considered for CIGS solar cells. CdTe solar cells, by comparison,
actually share the most important portion of thin films commercially. It is a leading
candidate for the stability, high absorbability, and variability of production methods
in the thin-film arena [6]. The thin-film cells' highest efficiency is 21.6 percent for
CIGS cells, 21.4 percent for CdTe cells, and 11.8 percent for amorphous silicon. Even
though these thin-film solar cells have lower costs and better efficiency, they do have

some imperfections. Some of the substance which produces this cell is either limited



and overpriced (indium) or highly toxic (cadmium) [5]. A few significant differences
existbetween the second-generation solar cells and the first-generationsolar cells. The
principal distinction from indirect silicon bandgap is the fact that a direct bandgap
exists between the semiconductor material used in the cell, but the cells still depend
on the p-n junction configuration. There is a top layer of thin-film cells called the
winder layer, consisting of a large band gap that swallow more incredible light
photons. A lower layer known as the absorber layer is created from a material with a
lower bandgap that absorbs a photon of lower energy that is not diffused by the
window layer. Its architecture makes it possible to achieve intrinsically better
effectiveness [5]. It could take a longer time to solve the production issues and take
the cost of production together with the other well-known manufacturers of solar

panels. These affects have inspired a new gens of solar cells [5].

2.1.1.3 Third generation solar cell

Third-generation solar cells are the latest solar cell technology. Large-scale
studies are devoted in developing third-generation solar cells. The used of advanced
nanomaterials akin as graphene nanowires, nanotubes, silicon materials, organic dyes,
plus polymer conduction, this study focuses on improving performance [3]. A new
generation of solar cells has developed because of the high cost of solar cells from
first generation and the toxicity and the lack of materials for second-generation solar
cells [5]. The third-generation solar cells are essentially different from the two last
generations because they are not dependent on the P-N connector architecture of the
other generations. The solar cells of the third generation include solar cells from
Organic, Dye-Sensitized, Quantum Dot (QD), Perovskite and Kesterite [6]. The
availability of a wide variety of non-toxic and inexpensive products and ease of

manufacturing is the impetus behind considering organic cell technology. The active
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layer of organic solar cells is made up of donor and acceptor materials that are used
for charge separation and transport [5]. In recent years, their performance has been
attributed to many substantial changes contributing to greater efficiencies. For
commercial systems, OPV module performance are now in the range of 8 percent to
10 percent. For organic cell production, the methods used were high-speed and low-
temperature roll-to-roll processing procedures and standard printing [5]. Dye-
Sensitized solar cells use dyes that are less complex procedure and do not crave
complex PV equipment [6]. Because of their high efficiency, inexpensive, non-
complex production processes, environment friendly, clarity, and good flexibility.
Dye-sensitized solar cells display improvement from other photovoltaic devices
among different solar cells. Although DSSCs performance are good under closed
conditions compare to other solar cells, parameters such as efficiency, durability, and
expenditure actuate their market applications. The principal components of traditional
DSSCs are nanocrystalline semiconductors, sensitizers, redox electrolytes, and
counterelectrodes [5]. The efficiency ofthe cells relies on the semiconductor electrode
of the dye molecule and the sensitizer. The more sensitive type of dye to the sun will
trap more light energy, thereby producing a higher output voltage [4]. By the
phenomenon known as the development of multiple excitons, QD Solar cells tend to
beatthe Shockley-Queisser limit (MEG). QD allows the absorption pointin the visible
IR regions of the spectrum to occur [6]. Perovskite solar cells are derived from dye-
sensitized solar cells. As first discovered in 2009, the adsorption of methylammonium
lead halide perovskite on ananocrystalline TiO2 surface generates a photocurrent with
a power conversion efficiency (PCE) of around 3-4 percent in a liquid-based dye-
sensitized solar cell structure [5]. Kesterite-based solar cells shine among other thin-

film due to their high coefficient of absorption (104 cm -1), possess lesser toxic and
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earth-rich components with an average analytical efficiency of about 32 percent. Other
advantages of Kesterite material are its isoelectronic to methods of chalcopyrite. It is

also an outstanding Indium replacement absorber containing [6].

2.1.2 The efficiency of solar cell

One of the limiting factors in solar cell engineering is the efficacy of solar
cells. There will be new data on the efficiency of solar cells peryear. . The most crucial
requirement for including the results in the tables is that they have been individually
measured by an authorized test center, which is mentioned elsewhere. Table 2.2
summarizes the detail measurements for 'one-sun' (non-concentrator) single-junction

cells and submodules [6].

Table 2.2: Proven efficiencies of single-junction terrestrial cells and submodules estimated at
25 ° C under the global AM1.5spectrum (1000 W/m2) [2]

Classification Efficiency. | Area, cm® | Voe, V | Jse, Fill
% mA/cm? | factor,
%
Si (crystalline 26.7+£0.5 | 79.0(da) | 0.738 | 42.65 84.9
cell)
Silicon Si 22.3+0.4 | 3.923 (ap) | 0.6742| 41.08 80.5

(multicrystalline
cell)
Si (thin transfer | 21.2+0.4 | 239.7 (ap) | 0.687 | 38.50 80.3
submodule)
Si (thin film 10.5£0.3 | 94.0(ap) | 0.492 29.7 72.1
minimodule)
GaAs (thin film | 29.1£0.6 | 0.998 (ap) | 1.1272| 29.78 86.7
cell)

M-V cells GaAs 18.4+0.5 | 4.011(t) | 0.994 23.2 79.7
(multicrystalline)
InP (crystalline 242+0.5 | 1.008 (ap) | 0.939 | 31.15 82.6
cell)
CIGS (cell) (Cd- | 23.35+ 1.043 (da) | 0.734 | 39.58 80.4
free) 0.5

Thin film CdTe (cell) 21.0+£0.4 | 1.0623(ap) | 0.8759| 30.25 79.4

chalcogenide

CZTSSe (cell) 11.3+0.3 | 1.1761(da) | 0.5333 | 33.57 63.0
CZTS (cell) 10.0+0.2 | 1.113 (da) | 0.7083 | 21.77 65.1
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Amorphous/ | Si (amorphous 10.2+0.3 | 1.001 (da) | 0.896 | 16.36 69.8
Microcrystalline cell
Si 11.9+£0.3 | 1.044 (da) | 0.550 | 29.72 75.0
(microcrystalline
cell)
Perovskite (cell) | 20.9+0.7 | 0.991 (da) | 1.125 | 24.92 74.5
Perovskite Perovskite 17.25+ 17.277(da) | 1.070 | 20.66 78.1
(minimodule) 0.6
Perovskite 11.7+0.4 | 703 (da) 1.073 14.36 75.8
(submodule)
Dye (cell) 11.9+0.4 | 1.005(da) | 0.744 | 22.47 71.2
Dye-sensitized | Dye 10.7+£0.4 | 26.55(da) | 0.754 | 20.19 69.9
(minimodule)
Dye 8.8+0.3 | 398.8(da) | 0.697 | 18.42 68.7
(submodule)
Organic Organic (cell) 11.2+£0.3 | 0.992(da) | 0.780 | 19.30 74.2
Organic 9.7+£0.3 | 26.14(da) | 0.806 | 16.47 73.2
(minimodule)
2.2 Dye-sensitized solar cell

Adding a TiO2 nanocrystalline material as the photoanode, O'Regan, and

Gritzel introduced the first DSSC in 1991 [3]. Several studies that consider DSSC as

one of an efficient, low-costalternative to conventional solar cells have been published

following Gritzel's important and novel contribution to dye-sensitized solar cells

(DSSCs) [7]. One of the most up-and-coming photovoltaic technologies is dye-

sensitized solar cells (DSSCs) because they generally consist of cheap components

and have a simple structure [8]. Dye-sensitized solar cells (DSSCs) are critical power

devices since many environmental and energy issues are needed to be addressed [9].
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Figure 2.1: Basic structurelayer of DSSC

2.2.1 Working principle of DSSC

DSSCs are distinct from traditional semiconductor devices in that they
distinguish the light absorption feature from the transport of the charge carrier. The
Dye sensitizer absorbs the sunlight incident and uses light energy to induce vector
electron transfer [10]. In DSSCs, the dye molecules absorb and get excited by the
incident photons on the mesoporous TiO2 layer surface. These excited dye molecules
inject an electron into the mesoporous photoanode network's conduction band and
oxidize the dye molecules that lose an electron. To enter the counter electrode, these
injected electrons migrate to the external load via the TiO2 sheet. The electrons are
being transport to the electrolyte, where an electron from I- ion is obtained by the
oxidized dye to replace the missing electron. The iodide molecules are oxidized into
triiodide I-3 ions at the same time. Finally, at CE (cathode), [-ion regeneration occurs,

and electron migration via the external load completes the circuit [11].
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Figure 2.2: Schematicrepresentation of DSSC

2.2.2 Components of DSSC

DSSC can be regarded as a multi-component system by understanding its
operating principles and enhance the cell's performance. The components of DSSC
were thoroughly studied, both for individually and interaction with other components
[12]. When sandwiched with a pair of glass contacts, a working electrode, dye
sensitizer, electrolyte, and counterelectrode are composed ofa DSSC. DSSC is a work
electrode assembly sodden with a sensitizer or dye and closed to prevent electrolyte
flow to the counter electrode with a thin layer of electrolyte soaked with a hot melt

tape [13].

2.2.2.1 Glass contact

Usually, DSSCs are made from two layer of transparent conductive materials
that assista semiconductor and catalyst removal substratum, often serving as current
collectors. As a transparent electrode, most solar cells use TCO films. In addition to

conductivity and clarity, the critical considerations in choosing the TCO for this
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application are electronic unity with adjacent cell layers, processing specifications,
and stability under environmental conditions [14]. The two-essential attribute of the
substrate used in the dye-sensitized solar cell are: first, the substrate needs more than
80 percent transparency to allow maximum sunlight to pass to the cell's effective area.
Secondly, the conductivity of the DSSCs should be huge for efficient transfer of
charges and lower energy loss [14]. Transparent conducting oxide (TCO) glasses, such
as a fluorine-doped tin oxide (SnO2: F) (FTO), tin-doped indium oxide (In203: Sn)
(ITO), and aluminum-doped zinc oxide (ZnO: Al) (AZO) glasses, have historically
been used as a substrate for DSSCs. The higher cost, brittleness, harshness, and form
constraints diminish their practical applications, despite their excellent stability
against oxygen and water. Furthermore, it is not possible to use the roll-to-roll
development process for this device. Flexible substrates with lightweight and fast
transport characteristics have, therefore, become an option [15]. In DSSCs, fluorine-
doped tin oxides (FTO, SnO2: F) and indium-doped tin oxides (ITO, In203: Sn) are
commonly used a conductive substrate. These substrates subsist of lime soda glass
glaze with tin oxide layers doped with indium and tin oxide doped with fluorine [14].
FTO is used the most for DSSC applications due to its favorable electricity element
and optical clarity. Much research has suggested FTO substrate is remarkable to the
indium tin oxide (ITO) substrate as a photoelectrode in DSSCC because of its stability
at exalted temperatures. Usually, photoanode preparation requires the deposition and
sintering of TiO2 paste on TCO substrates at high temperatures (~450 °C) to rise
electrical communication. The sheet resistance of ITO glass will, however, increase
enormously when expose to heat treatment at around 300 ° C, leading to lower output

[16].
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2.2.2.2 Working Electrode

In DSSC, the working electrode is often recognized as a photoanode. Usually,
the photo-anode consists of semiconducting broad bandgap metal oxide, normally
FTO glass, deposited on the TCO substrate's surface. In order to support the sensitizer
load and transport photo-excited electrons from the sensitizer to the external circuit,
the photoanode performs dual functions. Therefore, to ensure elevated dye loading, a
wide surface area is needed. Furthermore, a rapid charge transport rate is required to
provide high electron collection efficiency. The distinguishing characteristics of an
ideal photoanode are these two properties [17]. As a semiconductor substrate,
mesoporous oxides, including TiO2, ZnO, SnO2, and Nb20S5, are the most used

materials. The enormous energy bandgap of these oxides is 3-3.2eV [13].

Among these, even under extreme operating conditions in photo-
electrochemical systems, TiO2 is a robust photoelectrode. However, DSSCs based on
nanocrystalline TiO2 have greater efficiency compared to ZnO and SnO2 based
DSSCs. TiO2 is affordable, abundant and non-toxic [18]. With the introduction of the
first TiO2-based DSSCs by Priorto Gridtzel in 1991, Gerischer and Tributsch
prospective ZnO as an efficient photoanode option. In TiO2-based DSSCs with big
bandgap energy like TiO2 (Eg = 3.37eV) and higher electron mobility compared to
TiO2, ZnO can resolve higher electron recombination. Though ZnO efficiencies are
still far below that of TiO2 (less than 8%), a few studies have been highlighted by
researchers in this field to improve the output of ZnO-based DSSCC power conversion

efficiency [19].

With the production of ZnO composite materials and nanostructures in research

and technology, due to their low-cost methods of planning, friendliness to the
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environment and good results, ZnO has emerged as one of the favorable choices for

DSSCs. ZnO composite nanostructures are commonly graded into (a) one-

dimensional (1D) nanostructure, (b) two-dimensional (2D) nanostructure, (¢) three-

dimensional (3D) nanostructure, and (d) hybrid nanostructure. The different

characteristics of the TiO2/ZnO composite photoanode nanomaterial nanostructure

are shown in Table 2.3 [20].

Table 2.3: Nature of DSSCs with various nanomaterial ZnO structures [19]

Nanostructure/ Materials Voe (V) Jse FF (%) n (%)
Nanocomposite (mA/cm?)
Nanorods Doped with TiO2 with ZnO 0.76 11.4 0.50 5.8
nanorods of various sizes
Nanotubes -Coaxial TiO2/ZnO nanotube arrays 0.65 7.28 0.60 2.8
-ZnO/TiO2 nanotube arrays 0.895 5.96 0.704 3.75
-ZnO-decorated TiO2 nanotubes 0.72 6.77 65.11 3.17
- TiO2 nanoparticles-coated ZnO 0.94 6.97 0.60 3.94
nanotube arrays
Nanowires - Coated with a thin shell of TiIO2 | 0.78-0.82 4.0-4.5 0.58-0.6 2.25
anatase, ZnO nanowire arrays
- Arrays of TiO2-coated ZnO 0.788 12.26.2020 | 0.587 5.65
nanowires
Nanofibers - Nanofibers ZnO core-sheath films 0.75 Bi+3 0.61 5.17
Nanocomposite -TiO2 coated ZnO 0.770 8.78 0.724 4.89
-Zn0 coated TiO2 nanoparticles Q2 0.49 0.69 1.21
-Zn0 coated TiO2 0.75 13.46 0.654 6.62
Nanodonuts Ti02/Zn0O nanodonuts 0.78 16.70 0.69 9.00
Nano flower -ZnO nanoflowers/Ti02 0.82 6.14 0.56 2.82
nanocomposite
- TiO2 amorphous/crystalline over 0.76 6.303 0.60 3.1
the nanoflowers/nanorods of ZnO
3D hierarchical | Deposited 1D ZnO nanorods on 2D 0.8 3.24 0.17 0.51
heterostructure Ti02 nanosheets

Promising elements for DSSC are one-dimensional (1 D) nanostructures due to

several efficiencies and processing advantages. Due to smooth electron directional

mobility, such nanostructures can improve the properties of electron transportt.

Therefore, it accelerates the transport of electrons and decreases the risk of
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recombination. Furthermore, its geometry provides a wide surface area that improves
the efficiency of DSSCs in turn. The larger size also leads the effect of light scattering
that improves the light adsorption of the dye. They were produced by different

methods, TiO2 and ZnO nanotubes, nanorods, nanowires, etc. techniques [21].

Figure 2.3: Examples of nanostructure morphology with respective SEM image [21]

Several analysts have recently documented nanostructure of two-dimensional

(2D) for DSSCs, such as branched nanowires, nanosheets, nanofilms, etc. With
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distinct Shape-dependent features that differ from the properties of bulk, the 2D
nanostructures have several low dimensional features. They are then used as the
primary components of nanodevices. However, the TiO2 and ZnQO's 2D nanostructure
is not common because of its low photoconversion efficiency [21]. The odd disposal
of particles of TiO2 and the resulting structural film anarchy causes an increase in the
dispersion of free electrons injected with dye and thus a decrease in electron mobility

[15].

Because of their high absorption of dye, large pore volume, excellent
dispersion of light and vital optical clarity, porous photoanodes exhibit superior
photovoltaic properties during the processing of DSSCs. In three-dimensional (3D)
nanostructured materials, basic properties are shown. Through the electrospray
process, the investigator synthesized novel sponges such as Ti0O2/ZnO nanodonuts.
The findings indicate a large volume of pore, higher absorption of dye, greater light
dispersion, more efficient transport of electrons, and electron penetration properties. 9
percent efficiency of energy transfer is also reached, 44.4 percent higher than P25
particle dependent DSSCs. It is also relatively superior to other morphologies of

TiO2/ZnO [21].

Other than TiO2 or ZnO nanostructures, several hybrid structures have been
researched by combining different nanostructures. Using the [Co(bpy)3]2+/3+ redox
couple (a redox mediator) and porphyrin dye (SM315, green dye) over TiO2 film,
DSSCs were recently manufactured with 13 percent PCE at full sun illumination. In
visible and near-infrared conditions, that leads to improved light harvesting
Synthesized TiO2/ZnO hybrid heterostructurearrays (TiO2 nanowire/ZnO nanorod or

TiO2 nanowire/ZnO nanosheet) have provento be a high rated solar cells, excellent
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nanomaterials. It results in larger surface area, better electricity, which helps to
transfer electrons efficiently and diffuse the electrolyte in DSSC, power conversion
efficiency of 5.75 percent resulted in (PCE). By contrasting the efficiency of various
nanostructures, of TiO2/Zn0, it is noted that due to Superior performance can be seen
on DSSCs using a one-dimensional structure with faster electron transfer, slower
charge recombination, and greater capability (nanotubes, nanorods, and nanowires).

A better DSSCs contain mesoporous TiO2 nanostructure [21].

2.2.2.3 Dye sensitizer

Another essential elements of a DSSC are sensitizers. Sensitizers' primary
function is to absorb solar photons and inject the photo-excited electrons into the n-
type semiconductor conduction band [12]. The dye is chemically attached to the
surface of metal oxide (the semiconductor). To be regarded as an effective
photosensitizer, the selected dye must meet several criteria [18]. In recent decades, a
wide range of photosensitizers have been studied for DSSC applications: they are
possibly the most researched part of a DSSC system. They have been well-reviewed
in several articles [12]. A promising DSSC photosensitizer must have a few
requirements, such as (1) high absorption coefficient; (2) bigger visible spectrum to
absorb sunlightatall wavelengths; (3) the dye'senergy level of LUMO mustbe greater
compare to photoelectrode's conductive band energy level; (4) high chemical
absorption; (5) optimal viscosity; (6) fastdyegeneration; and (7) high molar extinction
coefficient [20]. Examples of dyes widely used for DSSC are ruthenium-based
photosensitizers, metal-free organic sensitizers, quantum dot sensitizers, perovskite-

based sensitizers, and natural colours.
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Ru (IT) polypyridyl dyes show excellent performance as the most common
sensitizer for DSSCs due to their large light absorption range from ultraviolet to near-
infrared light, suitable energy levels for TiO2 photoanodes and I-/13- electrolytes, and
high molecular stability. The efficiency of Ru(Il) dye-based DSSCs had already hit
10.0% by the mid-1990s. in addition to subsequent efficiencies of 11.2% in 2005 and
11.7% in 2010, respectively [17]. Photosensitizers based on Ru carrying hydrophobic
groups were investigated in the ancillary ligands [12]. For several reasons, Ru(Il)
metal is a better study choice: (1) it's octahedral geometric structure tolerates
controlled extension of specific ligands; (2) it is possible to tun the photophysical,
photochemical, and electrochemical properties of Ru(Il) complexes; (3) the oxidation
states are stable and available from I to IV; and (4) the solubility of many solvents is
strong. [7]. Cis-bis (isothiocyanate)bis-(4,40-dicarboxylic acid-2,20-bipyridine) Ru
(II), stand for N3 or red dye, is the first popular Ru-based complex photosensitizer.
Afterwards, the same group synthesized the other two effective dyes. One is the black
dye with the prescription of tris(isothiocyanate)-2,20,200-terpyridyl-4,40,400-
tricarbolylate Ru(ll)complex, or denoted as N749 dye, and the other is imply as N719
dye with the formula of di(tetrabutylammonium)cis-bis(isothiocyanate)bis-(4-

carboxylic acid-40-carboxylate-220-bipyridine)Ru(2) (IT) [15].

The third primary class of photosensitizers for DSSC are metal-free organic
dyes. The chemical structure is more easily tunable concerning ruthenium-based
sensitizers by leveraging the conventional synthetic strategies used in dye chemistry.
The modulation of the chemical properties results in significant optical properties
variability to obtain sensitizers with broad spectral absorption [12]. The key advantage
of organic dyes is the simplicity of structural modifications that can enhance the

efficiency of DSSC. In addition, organic sensitizers show significantly higher
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coefficients of extinction than metal-based complexes such as complex Ru sensitizers.
The electron acceptor serves as the dock group which binds the dye to the surface of
the semiconductor. Facilitating the electron injection into the conduction band of the
photoanode and simultaneously timing [12]. Metal-free organic dye 36 containing
thienyl ethynyl as a spacer has 4.49 percent efficiency reported for DSSCs. By
indicating that as the thiophene unit and length of the conjugated spacer increase, the
oxidation, reduction potential and consequently band gap of the molecule diminish

compared to other dyes [22].

As a substitute for dye molecules, certain inorganic quantum dots (QDs) have
been adopted or combined to form photosensitizers with dye molecules. Besides, co-
sensitization would be requite for the limited absorption range of the dye molecule
and recognize the relationship between the QDs and dye molecules, undoubtedly
improving its overall capacity to absorb light [23]. The only distinction between
sensitizing materials (QDSSC) is between the DSSC and the quantum dot sensitized
solar cell. Inorganic nanoparticles of QDs in the QDSSC are substituted for the dye.
Due to its interesting characteristics, such as moving from excited peak to higher
energy, blue change in the saturation band edge, and below picosecond optical
transition speeds, the use of QDs as sensitizers. Due to its bulk content bandgap above
1.3 eV, this due to increment photon absorption by CdX. CdS, CdSe, and CdTe, have

a band difference 0f2.25, 1.73, and 1.49 eV, respectively [7].

Due to their excellent light-harvesting characteristics, halide perovskite
sensitizers have recently attracted considerable attention. The first perovskite-
sensitized solar cell was recorded in 2009, CH3NH3PbX3 exhibit the PCE of 3.81

percent, which later raised to 6.5 percent during 2011. A significantly improved PCE
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of 12.3 percent for solar cells based on perovskite CH3NH3PbX3 was published in
2013 [17]. The ratios between CH3NH3I and PbX2 differed according to the
perovskite target to synthesize the perovskite-containing mixed halides. The most

popular one-step approach to date is CH3NH3PbI3-xClx, with 20 percent cell PCE

[7].

Natural and synthetic dye sensitizers can be differentiated by various
parameters, such as cell cost, environmental conditions, the problem of durability,
DSSC performance, maximum absorption, accessibility of resources, and production
techniques [24]. The dyes are derived from colorful flowers, leaves, fruits, etc., that
naturally occur. The colors are due to the presence of various pigments thathave verify
to be strong photosensitizers. Natural photosensitizers (natural dye) are generally
known as carotenoids, betalates, flavonoids, or chlorophylls [18]. The predominant
photosynthetic pigments are chlorophylls. Their primary purposeis to absorb and use
light for the preparation of starch in the visible region. The capacity to absorb visible
light allows to be used as DSSC dyes. Among other chlorophylls, Chl a and Chl b are
considered useful dyes for the DSSC application. Even though natural dyes transform
on the offsets of other solar generation cells, because of it easier dye aggregation that
impacts film absorption, the reported efficiency is inferior. This leads to steric
molecular impedance that block its moving on the surface and degrades the color

balance over time [20].
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DSSC Sensitizer Efficiency (%)
DSSC with cis-X2Bis(2,2'-bipyridyl4.,4’-dicarboxylate) 10
Ru-complex | ruthenium (II) complexes (X=C1, Br, I, CN)
dyes
Ru 2,2' bipyridine-4,4' dicarboxylic acid (p- 7.1
(CN) Ru (CN) 2,2' bipyridine)2
Di-tetra butyl ammonium cis-bis 11.2
(isothiocyanate) bis (2,2'-bipyridyl-4,4'-
dicarboxylate) ruthenium (II)
Dichloro(p-cymene)- ruthenium (II) dimer 7.5
([Ru(p-cymene) CI2]2
DSSC with YD2-0-C8 12.5
metal-free
organic dyes
4-(bis-(4-bromo-phenyl)-amino)- 5.35
benzaldehyde
As the electron donor, triphenylamine 10.1
moiety, cyanoacrylic acid as the acceptor of
electrons, and novel tetrathienoacene as the
n-bridge
Phenyl dihexyloxysubstituted TPA (DHO- 10.3
TPA) Y123
Zinc porphyrin dye containing meso- 5.1
position acrylic acid
DSSC with CdS quantum dots 4.22
quantum-dot
dyes
(CdSe0.45Te0.55 alloyed quantum dots 6.36
Cadmium nitrate-mixed manganese 5.42
acetate/CdS/CdSe quantum dots
DSSC with (CH3NH3) PbI3 + screen printing method 3.8
perovskite-
based
sensitizers
(CH3NH3) PbI3 + films 6.54
(CH3NH3) PbI3 + spin coating method 9.7
DSSC with Mangosteen pericarp 1.17
natural dyes
Hibiscus surattensis 1.14
Raspberries 1.50
Ipomea 0.28
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2.224 Electrolyte

One factor that plays a vital role in DSSCs is an electrolyte in a DSSC because
the electrodes' charge transport occurs through it [25]. Generally, electrolytes, such as
liquid, quasi-solid state, and solid-state electrolytes, are categorized into many groups.
There are five main components ofan electrolyte like as I-/I-3, Br-/Br-2, SCN-/ SCN2,
and Co (IT)/Co (III), i.e., redox pair, solvent, additives, ionicliquids, and cations. There
are a few element that an electrolyte should have, i.e. (1) redox pairs are able to
effectively generate the oxidized dye, (2) better chemical, thermal and electrochemical
stability should be present, (3) need to be gentle with DSSC components, (4) allowing
fast dissipation of charging carriers, increase conductivity and build active contact
between working components [13]. Generally, electrolytes, such as liquid, quasi-solid

state, and solid-state electrolytes, are categorized into many groups.

Due to volatilization issues akin to the operation of DSSC, liquid electrolytes
are treated as an important aspect affecting the life and the handling of liquid
electrolytes during manufacture is complicated [25]. The iodide-triiodide (I3-/1-)
electrolyte can be known as a universal redox transporter due to its good kinetic
effects, for example rapid oxidation of I- at the photoanode/electrolyte interface for
good color growth and sluggish decrease of 13- at the electrolyte/counter electrode
alliance for high carrier collection, great intrusion, more stable, etc. Nowadays, the

PCE of 13-/I- electrolyte-based DSSCs has reach 11% efficiency [17].

In liquid electrolytes, the practical application of DSSCs is greatly hampered
by stop problems and long-term durability. Therefore, efforts have been geared
towards alternatives, i.e., quasi-solid-state electrolytes and solid-state electrolytes, to

liquid electrolytes. Ionic liquids containing redox pairs (e.g. 1-propargyl-3-
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methylimidazolium  iodide, bis(imidazolium) iodides and  1-ethyl-1-
methylpyrrolidinium) and polymer gel (e.g. poly(ethylene oxide), poly(vinylidene
fluoride) and polyvinyl acetate) are widely used as quasi-solid-state electrolytes to

resolve liquid electrolyte agitation and exposure concerns [17].

To prevent the disadvantages of ionic liquid (IL) electrolytes, solid-state
electrolytes are built [13]. Solid-state electrolytes, include different hole-transporting
materials, have been broadly studied as hole acceptors to change liquid electrolytes
(HTMs). In solid-state DSSCs, some inorganic p-type materials (e.g., Cul/CuSCN and
CsSnl3) and organic polymers (e.g., poly (3,4-ethylene dioxythiophene) (PEDOT),
2,20,7,70-tetrakis (N, N-di-4-methoxyphenylamino)-9,90-spirobifluorene (spiro-
MeOTAD), and poly(3-hexylthiophene) (P3HT)) were successfully used (SS-
DSSCs). Fast crystallization speeds, however, resulting in a lesser filling of
photoanode films, and so SS-DSSCs have a low efficiency of 3.8 percent. CsSnl3,
which has high hole mobility, less weight, sufficient raw materials, and inexpensive
manufacturing show a encouraging p-type semiconductor HTM. Such electrolyte-

based devices allowed up to 10.2 percent PCE in 2012, for SSDSSC [17].

2.2.25 Counter electrode

The counter electrode has the critical purpose of collecting electrons from
external circuit in DSSCs and catalyze the redox reduction at the electrolyte. The
primary requirements of CE materials are high charge transport conductivity, strong
electrocatalytic behavior for the reduction of redox couples, and excellent stability
[17]. In DSSCs, CE was often used platinum (Pt) or carbon (C). Working electrodes
are closed together with counter electrodes and a syringe is then filled with an

electrolyte. The counter electrode activate the reduction of I-/I-3 liquid electrolytes
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and gathers gaps from the transport materials of the void [13]. Noble metals, such as
Pt, Au, and Ag, are the common because of their high electrocatalytic activity (e.g.,
Pt) for reducing redox couples in liquid electrolytes or effective hole transfer in solid-
state electrolytes (e.g., Au and Ag) [17]. As it shows greater efficiencies, Pt is needed
as the counter electrode resulting the need for the substitution of Pt was needed
considering its expensive price and lower affluence. Therefore, several option to
replace Pt have been produced, such as carbon, carbonyl sulfide (CoS), Au/GNP, CE
alloys such as FeSe CoNig s [13]. Due to their superior characteristics, such as good
electricity element, inexpensive, excellent stability and high catalytic activity for I3
reduction, polymers such as poly(3,4-ethylene dioxythiophene) (PEDOT),
PEDOTdopedwithpoly(4-styrene sulfonate) (PEDOT: PSS), polypyrene(PPy),
polyaniline (PANI), and poly(3 .4 propylenedioxythiophene)(ProDOT) have been used
as the CE catalyst for DSSCs [15]. Several carbon aceous materials have been tried as
alternative counter electrode materials, such as carbon black, activated carbon,
graphite, carbon nano tubes, and graphene. Compared to Pt, carbon materials used as
counter electrodes show weaker catalytic action. It can be offset by an increase in the
catalytic layer's active surface area using a porous structure. To have comparable
efficiencies of Pt counter electrodes, these carbon counter electrodes going to be short
a few mm compactness greater than Pt counter electrodes [11]. However, the key
downside of carbon-based CE is the need for a bigger doses to achieve the desire
catalytic activity and the weak relation among carbon film and its substrate [15].

Below are the photovoltaic specification for the DSSCs that use composite CE [17].
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Table 2.5: DSSCs photovoltaic output using composite counter electrode [17]

Counter Electrode PCE (%) vs. Pt (%)
Graphene-TaON 7.65 7.91
Graphene-NiS2 8.55 8.15
Graphene-PPy 5.27 6.02
Graphene-NiO 7.42 8.18
CNTs-graphene 8.23 7.61
CNTs-NiS 7.90 6.36
CNTs-WS2 6.41 6.56
CNTs-PEDOT: PSS 8.3 7.50
CNTs-TiN 5.41 5.68
PEDOT: PSS-CulnS2 6.50 6.51
PEDOT: PSS-TiN 6.67 6.57
PEDOT: PSS-CoS 5.40 6.10

2.23 Parameter of DSSC

The completion of a DSSC can be analyzed using incident photon to current
conversion efficiency (IPCE, percent), short circuit current (Jsc, cm-2), open circuit
voltage (Voc, V), maximum power output [Pmax], total efficiency [Pa, percent], and
fill factor [FF] [13]. Without current flow, the VOC is measured and is the maximum

voltage that can be given to an external circuit by the DSSC.

Voe = Vo In(1 +222)
3

Jsc is the overall output current of a DSSC and is part at zero voltage around
the cell underillumination. Abs(A) is the sensitizer absorption, e is the electron charge,
and @()) is a normal AM 1.5 irradiance spectrum as a function of the wavelength ()

and then charge collection is IQE(ML).

Joe = j (1 —10-4b5)) x IQE(A) X e X p(A)dA

Is¢ = Jsc X A
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The maximum power output (Pmax) is the peak current and voltage product. Pmax

can be calculated with the following equation:
Brnax = Imp X Vmp

Inp and Vi), are the maximum power of current and voltage values. The ratio
of several electrons movement through the external circuit to the number of photons
occurring on the surface of the cell at any wavelength is called external quantum

efficiency (IPCE). Itis given as follows:

I
IPCE%(Q) = 1240 X ﬁ

m

The total efficiency (percent) is also the percentage of solar energy that is
converted into electrical energy, where the JSC value decreases and the VOC, FF, and

molar dye coefficients increase in importance, respectively.

(%) :Pmax Ay X Vimp Lo X Voo X FF

= = x 100
Pin Pin Pin

Apartfrom Voc, Isc, and n, fill factor (FF) is the parameter determininga solar

cell's performance. The value of FF can be gain from equation:

_ Area A _ Vinp X Iy
Area B I, XV,
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2.3 Chitosan

Chitin and Chitosan are polysaccharides that, with relatively good
processability, have interesting inherent properties. Besides, these polymers'
fascinating surface for diverse and simple applications, flexibility can be tailor-made.
Many researchers have created sustainable, eco-friendly, reasonably easy-to-use,
functional goods that possibly succeed conventional, non-ecological products in

biomedical, environmental and energy applications with these attractive features [26].

2.3.1 Introduction of Chitosan

Chitosan is a natural polysaccharide with a definite structure that is linear.
Chitosan molecular chains can interconnect with each other via hydrogen bonds [27].
Chitosan 1s a polysaccharide consisting principally of 2-deoxy-2-amino-
Dglucopyranose units connected to B-(1,4). Chitosan can be considered the most
environmentally friendly binder, and aqueous slurries based on its excellent viscosity
[28]. Chitosan is predominantly d-glucosamine, which is distinguished by chitin's
degree of acetylation (DA). The second most adequate natural biopolymer is chitin, as
it is the precursor of chitosan. Itis extracted from exoskeletons such as crustaceans,
insects, molluscs, certain funguses, etc. Chitin has a degree of deacetylation and was
referred to as N-acetyl-d-glucosamine [26]. The relationship between chitin and
protein in a polysaccharide-protein complex is very personal, and a small portion of
protein is involved as well. In some instances, to eliminate residual pigments, an
additional step of decolourization is added. By using chemical or enzyme, both
deproteinization and demineralization may be accomplished. Chitin can be change to
Chitosan by enzymatic preparations or the chemical process. Chemical methods are
widely used for marketing purposes of chitosan preparation due to its inexpensive and

propriety for mass manufacture. [29].
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Role of Chitosan in DSSC
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Gratzel's cell or dye-sensitized solar cells (DSSC), published in 1991, has

attracted numerous academic researcher dueto its low-cost production with significant

efficiencies proportionate to conventional solar cells. Chitosanis a cheap material with

abundant nature that is easy to produce. Not to forget to note that it is environmentally

safe to research as a polymer host for ion conduction [30]. Chitosan was also used to

connect electrodes. Most of the researchers used Chitosan as the electrolyte-based

parameter.
Table 2.6: Example of chitosan practicein DSSCs
Used of Jse Voe (V) Efficiency, Fill

Chitosan (mAcm?) n (%) factor, FF
Chitosan 7.74 (5 0.64 (5 5.58 (5 wt.% 42.8 (5
polymer wt.% ZnO: Li | wt.% ZnO: Li | ZnO: Li with wt.% ZnO:
electrolyte with | with N719 with N719 N719 dye) Li with
Zn0O dye) dye) N719 dye)
nanostructures
DSSC [31]

Chitosan-based 20.33 0.37 3.57 (PhCh- 65

gel polymer | (PhCh-based | (PhCh-based based gel (PhCh-based
electrolyte with | gel polymer | gel polymer polymer gel polymer
TiO2 [25] electrolyte) electrolyte) electrolyte) electrolyte)

Chitosan 4.55 0.64 1.20 (50wt% 0.40
NH41 (50wt% (50wt% [chitosan- (50wt%
biopolymer [chitosan- [chitosan- NH41] with N3 [chitosan-
electrolyte [30] | NH4I] with NH4I] with dye) NH4I] with

N3 dye) N3 dye) N3 dye)

Chitosan 6.4 (solid 0.53 (solid 1.80 (solid 53 (solid
based polymer| electrolyte) electrolyte) electrolyte) electrolyte)
electrolyte  for
natural DSSC
with TiO2 [8]

Chitosan 10.15(2 0.69 (2 4.16 2 wt% 59.41 (2
binder-based wt.% of wt.% of of chitosan) wt.% of
TiO2 electrode chitosan) chitosan) chitosan)
[28]

Hexanoyl 8.62 0.58 2.98 (30wt% 62
chitosanandNal | (30wt% of (30wt% of of Nal) (30wt% of
blends for solid Nal) Nal) Nal)

state DSSC with
TiO2 [32]
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2.4 Research summary

Table 2.7 below shows some recentresearchrelated to synthesis of chitosanbinder-
based ZnO for dye-sensitized solar cell. DSSC based on zinc oxide got many interests
from researchers because the output result from this topic can be a steppingstone to
increase the DSSC performance. Most of the researcher are more interested toward
the use of chitosan as polymer, dye sensitizer, and electrolyte. In contrast, chitosan

binder-based electrode got less attention and having lesser progress through the years.

From previous research, there are many methods to synthesis of chitosan, some of
the preparation method is straightforward and does not involve complicated materials
and equipment while some are complex. There are also researches on improving the
current standard chitosan. In 2020, there is aresearch on the characteristic of chitosan-
ZnO nanocomposites where it focuses on dielectric, mechanical, and piezoelectric

effects.

Furthermore, in 2013, efficiency of 4.16% have been achieved with chitosan
binder-based titanium dioxide electrode with 2.0 wt.% of chitosan. This indicated that
the use of chitosan as electrode binder can be progress to achieve a higher efficiency

dye-sensitized solar cell.



Table 2.7: Related pastresearch
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Years References Approaches Results
2013 Preparation and For DSSCs, chitosan Different amount of
Characterization of | has been selected as a chitosan shows
Chitosan Binder- | new electrode binder. different efficiency.
Based 1.5wt%=3.83%
TiO2 Electrode for 2.0wt%=4.16%
Dye-Sensitized 2.5wt%=3.94%
Solar Cells [28] 3.0wt%=3.29
2017 Preparation  and | Using shrimp shell to As white powder with
Charaterization of | synthesis chitosan adequate physio
Chitosan from hematic
Shells of Shrimp characteristics,
[33] chitosan was obtained:
ash content below
0.063%; insolvent
content of 0.62% or
less; deacetylation
levels above 90%; and
crystallinity index
around 40%.
2020 Improved Method | Pretreatment procedures | The prepared chitin
for Production of | examined prior to the | and chitosan show a
Chitin and | standard Chitin and | high purity with very
Chitosan from | Chitosan production low ash (<0.3%) and
shrimp shells [34] residual proteins
(<0.5%).
2020 Chitosan-ZnO Structural characterize | In NO-NCs films, the
Nanocomposites nanoparticles of | piezoelectric
Assessed by chitosan-zinc oxide at a | coefficientis 15 wt.%
Dielectric, wide variety of levels of | higher than most
Mechanical, and nanoparticles. nanocomposites
Piezoelectric polymer-ZnO.

Properties [35]




CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter clarify the procedure, methods and materials used in the synthesis
process of chitosan and zinc oxide quantum dots. There are two main process which
are synthesis of chitosan from dried shrimp shells and fabrication of DSSC. Both
samples will be tested using XRD, SEM, FTIR and UV-Vis to identify its morphology

and characteristics.
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3.2 Experimental materials and equipment

The tables below show the list of chemicals used in this study. All the

chemicals were used without any further modification.

Table 3.1: List of materials for Chitosan

No. Materials Formula
1 Shrimp shell -
2 Hydrochloric acid HCl
3 Sodium hydroxide NaOH
4 Ethanol CH3CH20OH
5 Distilled water H20

Table 3.2: Listof devices and equipment’s used

No. Device and equipment

1 Electronic Scale

2 Digital Multimeter

3 Ultrasonic Bath

4 Hotplate Stirrer

5 Spin Coater

6 Oven

7 X-Ray Diffraction (XRD)

8 Scanning Electron Microscope (SEM)

9 Fourier-transform Infrared Spectroscopy (FTIR)

10 Ultraviolet-visible Spectroscopy (UV-Vis)
33 Experiment procedure

In this section of the chapter, the procedure and method used for this

experiment will be explain through diagram and flowchart.



Material preparation

|

Synthesis of Chitosan

|

Fabrication of dve-sensitized
solar cell

|

Characterization of
structural by using
SEM, XRD, and I-V
Graph

!

simulation of the design using
GPVDM

v

Analysis of fabricated and
situlated solar cells

.

End

Figure 3.1: Flowchart of the experiment procedure

36
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34 Chitosan
Chitosan is a polysaccharide made from chitin, where it is the world's second most
prevalent polysaccharide after cellulose. Chitosan is non-toxic, biocompatible, and

biodegradable.

34.1 Synthesis of chitosan flowchart

Start

Washing, drying, and grinding
shrimp shell

!

Demineralization

!

Deprotzinization

v
/ Ch_ltm /

Dreacetylation

v
WA Ghijm o

Characterization of structural by using
SEM, XRD, FTIR, and Degree of
Deacetylation

L J

Does the obtained
product 2 good
quality Chitosan?

End

Figure 3.2: Flowchart diagram of chitosan synthesis
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Preparation of chitosan
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There are four important step for the synthesis of chitosan. The step is in sequence

of dried shrimp shell preparation, demineralization, deproteinization, and

deacetylation. There are 4 different recipes that have been change from the original

recipe by De Queiroz Antonino, R. [33]. Table 3.3 show the differences between the

modified recipe and the original recipe.

Table 3.3: Different methods of obtaining chitosan

Process
Demineralization Deproteinization Deacetylation
Samples
De Queiroz -Add 1L of IM HCl to | -Add IM of NaOHto | -Add 12.5M NaOH

100g shrimp shells. the dried demineralize | with solid/liquid ratio
Antonino, R. | -Agitated at 250rpm shells at solid/liquid of 1:15(g/mL).
for predetermined ratio of 1:10(g/mL). -The mixture was
[33] times (0.5, 2, or 6hrs) | -Agitated at 80° C for | cooled down and kept
under room 3hrs frozen at -83° Cinan
temperature. -The solid was ultra-freezer for 24hrs.
-The shells were filtrated and washed -After 24hrs, the
filtrated and washed with distilled water temperature was raised
with distilled water until achieved neutral | to 115° Cand
until neutral pH. pH. agitated at 250rpm for
-The shells were -The shells were 4 or 6hrs.
immersed in ethanol | immersed in ethanol | -The resulting chitosan
for 10mins and dried | for 10mins, and the was filtrated, washed
inan oven at 70° C. resulting chitin was with distilled water
dried in oven at 70° until neutral pH and
C. dried in oven at 70°
C.
Sample 1 Demineralization 1 Deproteinization 1 -Dilute 25g NaOH

-agitate 10g of DSS
with 80ml of HCI for
Shrs with 250rpm at
room temperature.
-filtered with distilled
water until neutral pH.
-immersed with
ethanol for 20 mins
and filtered once.
-Drying for 8hrs at
70°C

-Dilute 8g NaOH with
100ml distilled water
(2 M NaOH solution)
-agitate the dried
sample with the
solution for 2hrs at
80°C

-let soak for 22hrs at
room temperature.
-filtered using
membrane filter

with distilled water to
achieve 50ml solution
(12.5 M NaOH
solution)

-agitate the dried
sample with the
solution for 2hrs at
80°C with 250rpm.
-let soak for 1 day
-filter the resulting
chitosan until neutral
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Demineralization 2 apparatus until neutral | pH and dried for 8hrs
-weight the dried pH. at 70°C
sample. -immersed in ethanol
-agitate 30ml HCI1 for 10 mins and
with the sample for filtered once.
2hrs with 250 rpm at -Drying for 8hrs at
room temperature 70°C
-filtered until neutral | Deproteinization 2
pH and immersed in -Dilute 2g NaOH with
ethanol for 10 mins distilled water to
and filtered again. achieve 50ml solution
-drying for 8hrs at (1 M NaOH solution)
70°C -agitate the dried
sample with the
solution for 2hrs at
60°C
-let soak for 2-3 days
period
-filter until neutral pH
and immersed in
ethanol for 10mins
-drying for 8hrs at
70°C
Sample 2 -agitate 10g of DSS | -Dilute 8g NaOH with | -Dilute 30g NaOH
with 80ml of HCI for | 100ml distilled water | with distilled water to
Shrs with 250rpm at | (2 M NaOH solution) | achieve 60ml solution
room temperature. -agitate the dried (12.5 M NaOH
-filtered with distilled | sample with the solution)
water until neutral pH. | solution for 2hrs at -agitate the dried
-immersed with | 80°C sample with the
ethanol for 10 mins | -let soak for 24hrs at solution for 2hrs at
and filtered once. room temperature. 115°C with 250rpm.
-Drying for 10hrs at -filtered using -let soak for 2 days
70°C membrane filter period
apparatus until neutral | -filter until neutral pH.
pH. -immersed in ethanol
-immersed in ethanol | for 10mins and filtered
for 10 mins and once.
filtered once. -drying for 8hrs at
-Drying for 8hrs at 70°C
70°C
Sample 3 -agitate 10g of DSS -Dilute 8g NaOH with | -Dilute 25g NaOH
with 80ml of HCI for | 100ml distilled water | with distilled water to
Shrs with 250rpm at (2 M NaOH solution) | achieve 50ml solution
room temperature. -agitate the dried (12.5 M NaOH
-filtered with distilled | sample with the solution)
water until neutral pH. | solution for 2hrs at -agitate the dried
-immersed with 80°C sample with the
ethanol for 10 mins -let soak for 5 days at | solution for 2hrs at
and filtered once. room temperature. 80°C with 250rpm.
-Drying for 8hrs at -filtered using -let soak for 2 days
70°C membrane filter period
apparatus until neutral | -filter until neutral pH.

pH.
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-immersed in ethanol
for 10 mins and
filtered once.

-immersed in ethanol
for 10mins and filtered
once.

-Drying for 8hrs at -drying for 8hrs at
70°C 70°C
Sample 4 -agitate 10g of DSS -Dilute 8g NaOH with | -Dilute 25g NaOH

with 80ml of HCI for | 100ml distilled water | with distilled water to
Shrs with 250rpm at (2 M NaOH solution) | achieve 50ml solution
room temperature. -agitate the dried (12.5 M NaOH
-filtered with distilled | sample with the solution)
water until neutral pH. | solution for 2hrs at -agitate the dried
-immersed with 80°C sample with the
ethanol for 10 mins -let soak for 7 days at | solution for 2hrs at
and filtered once. room temperature. 80°C with 250rpm.
-Drying for 8hrs at -filtered using -let soak for 5 days
70°C membrane filter period

apparatus until neutral | -filter until neutral pH.

pH.
-immersed in ethanol
for 10 mins and

-immersed in ethanol
for 10mins and filtered
once.

filtered once. -drying for 8hrs at
-Drying for 8hrs at 70°C
70°C

3.4.2.1 Driedshrimp shell

The process starts with washing 3kg of shrimp by taking only the body, tail and
the head without any meat and internal organs. Clean with tap water until there no
other unwanted fluid of the shrimp. Evaporate the shrimp in oven at 90°C for 8 hrs.

Total weight after drying was 70 grams.

Figure 3.3: Dried shrimp shell
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Grind the dried shrimp shells using kitchen blender as fine as it could. After that,

keep the dried shrimp shell into cold place to keep the moisture in balance.

3.4.2.2 Demineralization

The process starts by weighting 10g of dried shrimp shells and added 80ml of HCL.
Agitated them for Shrs at 250rpm at room temperature on the magnetic stirrer. After
Shrs, filter the mixture with distilled water using filter paper until pH neutral was
achieved. Checked the pH value changes using pH paper. Fully immersed the filtered
shrimp shells with ethanol for 10mins. Filtered once with distilled water and put in

oven for &hrs at 70°C.

Figure 3.4: Mixture of dried shrimp Figure 3.5: Demineralized
shell dried shrimp shell

3.423 Deproteinization
Mix 8g of NaOH flakes with 100ml distilled water to obtain 2M NaOH solution.

Added the dry demineralize shrimp shells into 2M NaOH solution and agitated
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together for 2hrs at 80°C with 250rpm. After 2hrs, let the mixture soak at room
temperature for 5 days. Afterapproximately 5 days of soaking, filter the mixture using
membrane filter apparatus until neutral pH achieved with distilled water. Checked the
pH value changes using pH paper. Fully immersed the filtered mixture with ethanol

for 10mins. Filter the mixture once with distilled water and let dehydrated in oven for

&hrs at 70°C. Chitin was obtained.

Figure 3.6: Chitin

3.424 Deacetylation

Mix 25g of NaOH flakes with distilled water to achieved 50ml of 12.5M NaOH
solution. Mix chitin with the 12.5 M NaOH solution and agitated together for 2hrs at
80°C with 250rpm. Let the mixture for 2 days at room temperature. After 2 days, filter
the mixture using membrane filter apparatus until neutral pH achieved. Checked the
pH value changes using pH paper. Fully immersed the filtered mixture with ethanol
for 10mins. Filtered the mixture once with distilled water and let dehydrated in oven

for 8hrs at 70°C. Chitosan was obtained.
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Figure 3.7: Chitosan

Degree of deacetylation of chitosan can be calculated using the proposed formula
by De Queiroz Antonino, R. [33]. The data need to calculate the formula can be taken

from the transmittance spectrum obtain from FTIR analysis.

A1655> (100) .
0 —_ s,
DA(%) = < Ty X 3 (Equation 1)

In this equation, A 655 and Assso represent the absorbance of chitosan at 1655

cm ! and 3450 cm!, respectively.

3.5 Preparation of samples
There are three main samples need to be made which are chitosan layer, ZnO layer,

and chitosan-ZnO layer.

3.5.1 Chitosan layer
Dissolved 30mg of chitosan powder in 1ml acetic acid. Added 10ml of distilled

water and 90ml ethanol into the dissolved chitosan powder. Stirred the mixture on the
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magnetic stirrer for 1hr. Apply 5 drops of chitosan solution for eachsubstrateto ensure
its fully coated during the spin coating process. Anneal the coated substrate at 60°C

for 10mins on the hot plate.

3.5.2 ZnO layer
Apply 5 drops of ZnO solution for each substrate during the spin coating process.

Anneal the coated substrate at 60°C for 10mins on the hot plate.

3.53 Chitosan-ZnO layer

Mix 0.1mlacetic acid with distilled water to produce total volume of 10ml 1% V/V
acetic solution. Further, add chitosan (g) into the solution and mix for 1hr at room
temperature using magnetic stirrer. After an lhr, add 0.5g ZnO into the chitosan

solution and further stirred until well mix together at room temperature

Table 3.4: Chitosan-ZnO solution mixture

Chitosan (g) Acetic solution (ml) Zn0 (g) % wt. of Chitosan-ZnO
0.1 10 0-5 6%
0.2 10 0.5 7%
0.3 10 0.5 8%
0.4 10 0.5 9%
0.5 10 0.5 10%
3.6 Fabrication of dye-sensitized solar cell

There are a few steps for fabrication of dye-sensitized solar cell. It starts by the
preparation of ITO glass, followed by preparation of natural dye solution, electrolyte,

depositing of photoanode and photocathode, and assembling of the solar cell.

3.6.1 Preparation of ITO glass substrate
Cut an Indium Tin Oxide (ITO) glass with measurement of 1.5cm X 2.0cm.

Determine the conductive side of the glass by measuring its sensitivity using digital
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meter. The function of measuring resistivity is to ensure that the ITO can conduct
electricity, and there is no misplaced side during deposited. Compared to the non-

conductive side, the conductive side usually has much less resistance.

Figure 3.8: Measuringresistivity of ITO glass

Next, clean the ITO glass substrate by dippinginto acetone, and then fully soaked
the substrate with ethanol. Place the substrate in a beaker facing upward and prevent
any overlapping between each substrate. At the temperature of 50°C, put the beaker
in the ultrasonic bath for 10mins. After the chemical cleaning process, the substrate then
is removed from the beaker by a clean tweezer. Next, putthe substrate on the hot plate

for drying process with temperature of 50°C.

Figure 3.9:ITO glass soaked in ethanol during Figure 3.10: Cleaned ITO glass
sonication
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3.6.2 Preparation of natural dye solution

Prepare a pack of blueberries or any suitable fruit or flower to make a natural dye
solution. Clean the berries with tap water for a few times. Put the cleaned berries in a
beaker ormortarand crush them usingpestle as shown in Figure 3.11. After the berries

have been mashed nicely, add 6ml of 95% ethanol and 6ml of 15% acetic acid.

Figure 3.12: Mixing blueberries

Figure 3.11: Crushed blueberries . i hanoldhdlcetlladh

Mix well fora few minutes until the solution looking evenly together. Filter the

mix solution to separate the solid and liquid using filter paper as shown in Figure 3.13.

Figure 3.13: Filter the mix Solllﬁon Figure 3.14: Natural dye solution
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3.6.3  Preparation of electrolyte

Electrolyte solution needed potassium bromide and deionized water. Weight 5g of
potassium bromide. Measure 10ml of deionized water. Add deionized water bit by bit
into the potassium bromide while stirring the mixture together. Sonicate the electrolyte

mixture for 10 minutes at temperature of 40°C.

Figure 3.16: Sonicate the

Figure 3.15: Mixing potassium
electrolyte mixture

bromide with deionized water

3.64 Depositing and annealing of substrate
There are two substrate in dye-sensitized solar cell which are, photoanode and
photocathode. Each substrate will be deposited with different material, where

chitosan-ZnO for the photoanode and Graphene Oxide (GO) for the photocathode.
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3.6.4.1 Photoanode substrate

Prepare ZnO pasted by mixing 1 g of ZnO powder with 10ml of 95% ethanol.
After that, put 5 drops of ZnO paste on a cleaned ITO glass. Put the ITO glass in the

spin coater machine. Set the machine at the speed of 800rpm for 60 seconds.

iin Coater

0
I

I
> )

Figure 3.17: Spin coating machine

After spin coating, anneal the coated ITO glass on the hot plate for 10 minutes at

temperature 60°C.

Figure 3.18: Annealing on the hotplate
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Then, let the heated glass for a few minutes and let it fully soak in a beaker of
natural dye solution for 30 minutes. After 30 minutes, put the ITO glass on top a

piece of tissues to absorb any natural dye solution excess.

Figure 3.19: Soaked in natural dye solution

3.64.2 Photocathode substrate
For the counter electrode, firstly weight 3mg of graphene oxide and measure 1.5ml
of deionized water to make a graphene oxide solution. Mix material together in a

beaker. Sonicate the beaker in the ultrasonic bath for 1 hour at temperature 50°C.

Figure 3.20: Sonicate graphene oxide
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After 1 hour, put 5 drops of GO solution on a cleaned ITO glass. Put the ITO glass

in the spin coater machine. Set the machine at the speed 800rpm for 60 seconds.

Figure 3.21: Depositing GO solution using spin
coating machine

After spin coating, anneal the coated ITO glass on the hot plate for 10mins at

temperature 60°C. After 10 minutes, let the ITO glass cooled for a few minutes.

_exPlhy.

Figure 3.22: Annealing graphene oxide substrate
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3.6.5  Final assembling

For the final assembly of the device, sandwiched both photoanode and
photocathode substrate together with coated side of the glass facing each other. Clip
both part together with a pair of binder clip as shown in Figure 3.23. Using a syringe,
put electrolyte solution in between the sandwiched glass until it fully covers the

connected area. The dye-sensitized solar cell device was ready to be tested.

Figure 3.23: Fully assemble dye-sensitized solar cell

3.7 Simulation using GPVDM
3.71 Material Parameter

The software requires absorbance data and refractive index of the material to be
added to its material libraries. The needed data can be referred from website or any
journal which have graphical spectrum where the data can be extracted. The data from
the chitosan were extracted from graphical spectrum for absorbance and refractive

index [36][37]. There are two electrical where alter during the simulation.
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Table 3.5:Electrical parameter of the material

Material Bang gap (eV) Electron affinity (eV)
Zn0O 3.37[38] 4.51[39]
Chitosan 7.45[40] -1.1740]

3.7.2 Layering of Material

There are two type of organic solar cell that been simulated. The first solar cell
will consist of only ZnO as the photoanode. The second solar cell will consist of an
additional layer of chitosan with different thickness. Figure 3.24 and Figure 3.25 show

the layering for both organic solar cell.

=
—
=5
=3
-
E
=1

Figure 3.24:Organicsolar celllayer with ZnO as photoanode
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Figure 3.25:Organicsolar cell with additionallayer of Chitosan

3.8 Safety precaution

Figure 3.26: Laboratory safety equipment

I.  Always wear protective clothing including a face mask, safety glasses,
chemical gloves and apron while handling the chemical.

II.  Must dispose properly all the waste chemical used.
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IV.

VI
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Avoid hands contact with face, mouth, eyes, and body while using
chemical and lab equipment. Repeatedly wash hands with soap after
finishing the experiment.

Always use appropriate laboratory equipment when handling
chemicals and never use them with your finger because all chemicals
in the laboratory are considered hazardous.

Immediately rinse with running water for at least 20 minutes if the
chemical splash in the eye.

Experiments should be monitored duringthe reaction or during heating

and during observation, keep at least 1 foot away from the specimen.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Overview

This chapter will show the outcome of this research, explain the results obtain and
discuss for further improvement. Besides, this chapter will discuss the comparison of
the parameter of the samples including the structure, temperature, and efficiency of

the final product. Problems and theories related to this research will be studied in this

chapter.
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4.2 Results

4.2.1 Chitosan characteristic

4.2.1.1 X-ray Diffraction Spectroscopy (XRD)

Crystalline materials are characterized by a powerful nondestructive technique, X-ray
diffraction (XRD). All structures, phases, and preferred crystal (texture) orientations
and other structural data are present as well, such as average grain size and
crystallinity, strain, and crystal defects. X-ray diffraction peaks are caused by the
construction of a monochromatic X-ray beam from every pair of planes of grids in a
material distributed at specific angles. The maximum intensities are determined by the
atomic distribution in the grid [38]. XRD plot graph is a specific pattern of X-ray

intensity versus scattering angle produced in each material.

e

- e
Sample

' (b)

(a)

Figure 4.1: (a) XRD machine. (b) Work mechanismof XRD
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Figure 4.2 show the analyzed spectrum of synthesis chitosan. This results were

analyzed by showing all the peaks present at the 2 theta values between 5° and 80°.

XRD Spectrum for Synthesis Chitosan

Table 4.1 show the maximum peak value for all synthesis chitosan at its respective

degree value.
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Figure 4.2: XRD pattern of four synthesis chitosan

Table 4.1: Maximum peak value of four synthesis chitosan
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Spectra pattern in Figure 4.2 were being compared with to know whether which
synthesis chitosan exhibit the supposedly nature. The synthesis of chitosan contains
four important step which are drying process, demineralized process, deproteinized
process and deacetylation process. The amount of soaking time during deproteinized

and deacetylation process affect the quality of chitosan.

4.2.1.2 Scanning Electron Microscope (SEM)

Electron microscopy is mainly divided into two parts, which are Transmission
Electron Microscopy (TEM) which study about the inner structure of the sample and
Scanning Electron Microscopy (SEM) that function to visualize object’s surface. SEM

was a microscope device that uses electrons instead of light and photon particles [ 39].

Figure 4.3: Scanning electron microscope machine

Images of the scanning electron microscope (SEM) for commercial chitosan

were shown in Figure 4.5 with different magnification factor which are magnified by
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15x, 30x, and 10Kx. The diameter of particle of the chitosan were measured in
micrometer indicate that the chitosan was in micron size. From the image, it is
observed that the shape of the particle is like pallet shape. Figure 4.4, Figure 4.5,
Figure 4.6, and Figure 4.7 shows the size of synthesis chitosan particle which can be
observed its shape and size. The shape of the particle can be observed to be the almost
identical forall the sample chitosan which is palletlike shape. Further magnified show

a surface which cannot be defined since the particle sizing is only in micron.

Figure 4.4: SEM images structure of sample 1 chitosan (a) Mag: x10K, (b) Mag: x30, (c)
Mag: x30 with diameter of the particle, (d) Mag: x15



(c) . (d)

Figure 4.5: SEMimages structure of sample 2 chitosan (a) Mag: x10K, (b) Mag: x30, (c) Mag:
x30 with diameter of the particle, (d) Mag: x15

Mag= 10.00KX EHT = 10.00kV Signai A = SE1 ENT = 10,007 Signal A = SET

EHT =10.00kV Signal A = SE1

©) @)
Figure 4.6: SEM images structure of sample 3 chitosan (a) Mag: x10K, (b) Mag: x30,(c)
Mag: x30 with diameter of the particle, (d) Mag: x15
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Mag = 10.00K X EHT = 10.00 kV Signal A = SET Mag= 30X EHT = 10.00 KV Signal A = SE1

{

Mag= 30X EHT = 10.00 kT Signal A = SE1 sk EHT = 10.00kV

© (d)

Figure 4.7: SEM images structure of sample 4 chitosan (a) Mag: x10K, (b) Mag: x30,(c)
Mag: x30 with diameter of the particle, (d) Mag: x15

4.2.13 Fourier-transform Infrared Spectroscopy
In order to determine all organic components, including chemical bonds and
organic content, simultaneously the Fourier Transform infrared technique (FTIR)
was developed. This sort of analysis can be used to characterize liquids, solutions,
pastes, powders, films, fibers, and gases, among other substances. This

characterization test is relatively quick, accurate, and sensitive [40].
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Figure 4.8: Fourier-transform infrared spectroscopy machine

Figure 4.9 shown the FTIR chitosan spectrum for sample 1, sample 2, sample 3,
and sample 4 together with its derivatives. Therelative peaks for sample 1 chitosan
can be seen in the FTIR spectrum. First, a strong and broad extending O-H peak
with N-H peak at 3,369 cm'. Second, C-H is depicted at 2869 cm! at peak axial
expansion. The C=0 stretch (amide I), N-H bending (amide II), and C-N stretching
(amide III) corresponded to three types of amide chitosan groups, which are
described with 1651 cm!, 1483 cm™! and 1371 cm!, respectively. The peaks of

1,024 cm! are the extended oscillation of the skeleton C-O-C [41][42].

For sample 2, the O-H and N-H peak can be seen at 3345 cm-!. The C-H is
depicted at 2876 cm-!, peak axial expansion. The three types of amides chitosan
groups were spotted at 1661 cm!, 1503 cm™! and 1379 cm!, respectively. The
extended oscillation of the skeleton C-O-C’s peak was at 1031 cm!. Sample 3
spectrum can be seen to be almost identical with a bit of differences at certain

reflectance.
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Figure 4.9: FTIR graph pattern of sample1,2,3,and 4

The FTIR spectra for sample 4 can be seen with the broad peak of the spectrum at
3256 cm!, appointto the vibrant frequenciesN-H and O-H. The highest intensity peak
is also assigned to the asymmetric mode in the C-H area of the FTIR spectrum at 2878
cm . The spectrum showed an amide bonding peak and the amide bond C=0 at 1651
cm-! was observed. High N-H bending vibration of secondary amid was assigned to
the peaks at 1483 cm-!. At the top of 1374 cm-!, the last amide is shown as C-N. The

peaks at 1010 cm! correspond to C-O-C skeleton's spread vibration [41][42].

4.2.14 Degree of Deacetylation

Degree of deacetylation for each were calculated using Equation 1. Table 4.2

shows the calculated degree of deacetylation for each sample.



Table 4.2: Degreeof Deacetylation of Chitosan
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Samples De Sample 1 | Sample2 | Sample3 | Sample 4
Queiroz
Antonino,
R. [33]
Degree of 90% 73% 78% T7% 70%
Deacetylation(%)

From Table 4.2, the original reference method of synthesis chitosan obtains a

high percentage degree of deacetylation of 90%, which can be classified as high-

quality chitosan [43]. Sample 1, sample 2, sample 3, and sample 4 obtains the middle

degree of deacetylation of 73%, 78%, 77%, and 70%, respectively [43]. Sample 2

achieve the highest degree of deacetylation of 78% of all the samples and can be

conclude the best synthesis chitosan to be use for the solar cell fabrication.

4.2.1.5 Percent Exrror

Percent error was calculated to know the difference between the reference and

the experimental obtained degree ofdeacetylationvalue. Each samples were compared

with the degree of deacetylation obtain from De Queiroz Antonino, R. [33].

Table4.3: Percent error for each experimental chitosan

Samples

Sample 1

Sample 2

Sample 3

Sample 4

Percent

error(%)

18.9%

13.3%

14.4%

22.2%
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From Table4.3,sample 2 shows the lowest percenterror while sample 4 shows
the highest percent error when being bracket together with the degree of deacetylation

from De Queiroz Antonino, R. [33].

4.2.2 Electrical Performance

4.2.2.1 I-V Characteristics of 6% Chitosan-ZnO

4.5e-6

4.0e-6

3.5e-6 A

3.0e-6 A

2.5e-6 A

Current (A)

2.0e-6 A

1.5e-6 A

—o— ZnO
O— 6% Chi-ZnO

1.0e-6 A

5.0e-7 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Voltage (V)

Figure 4.10: I-V measurement comparison between ZnO thin filmand 6 % Chi-ZnO thin
film

The voltage is supplied between the range of 0.2V to 1V. From figure 4.10, it
was shown the increasing of current for both thin film with the increase of voltage
supply and the obtain current value was in microampere. The 6% Chi-ZnO thin film
show a slightly increase of current value than ZnO thin film. The current value may

vary with the increasing of Chi-ZnO thin films concentrations.
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4.2.2.2 Electrical Properties

In this process, the current and voltage was measured by using a multimeter.
Firstly, voltage performance was measured, the positive probe was inserted in V -port
and the negative probe was inserted in COM port of the multimeter. Then, the positive
and negative probe is connected to the full assembly DSSC samples. Secondly, the
current performance was measured by inserting the positive probe in 20A yax and the
negative probe into COM port on the multimeter. Then, both probe is connected to the
full assembly DSSC samples. Table 4.4 showed the measured voltage and current for

both samples when bath under the sun.

Table 4.4: Measured voltage and current between ZnO thin filmand 6 % Chi-ZnO thin film

Sample Measured Voltage (V) Measured Current (LA)
ZnO thin film 0.2658 0.2352
6% Chi-ZnO thin film 0.2783 0.2519

Based on Table 4.4, there were a slight increase of measured voltage and
current of 6% Chi-ZnO thin film than ZnO thin film. There is little significant
change between both thin film, but it is hardly to be said that Chi-ZnO thin film

word is superior to ZnO thin film.

4.3 GPVDM simulation
4.3.1 Performance of the Organic Solar Cell

All of the simulation use Sun as the light source with similar layer of materials
such as ITO as the contact material, Ruthenium as the dye layer, and NiO as the
photocathode or bottom layer of the solar cell. Table 4.5 shows the performance for

each type of organic solar cell.
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Table 4.5: Performance of the simulated organic solar cell

Typeoflayer Voe, (V) Jse, (Am™) Fill Factor, (a.u.) Efficiency, (%)
ZnOlayer 0.7056 -64.9106 0.7698 3.0947
ZnO+100nm thickness 0.6950 -45.9030 0.7698 2.2302
Chitosan layer
ZnO+120nm thickness 0.6956 -53.3587 0.7521 2.5456
Chitosan layer
ZnO+140nm thickness 0.6941 -57.8242 0.7426 2.7070
Chitosan layer
ZnO+160nm thickness 0.6917 -60.3839 0.7297 2.7645
Chitosan layer
ZnO+180nm thickness 0.6928 -58.0733 0.7367 2.7363
Chitosan layer
ZnO+200nm thickness 0.6950 -54.9131 0.7478 2.6436
Chitosan layer

Based on Figure 4.11, each simulation sample exhibit almost the same [-V

curve as the fill factor value shown for all the simulation has a small differences with

average fill factor of 0.7497 a.u..
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Figure4.11: Simulation I-V graph
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Table 4.6 show the generation rate of electron at every position in the multilayer
devices. ZnO layer device exhibita high electron generation rate at the Ru position
with 8.7¢27 m3. For ZnO+100nm thickness chitosan layer, the highest rate can be
seen at the boundary between chitosan and ZnO layer with more than 6.1¢27 m-3. For
the rest, the generation rate only peak in between ZnO and ITO contact glass with the

generation rate of 5.9¢27 m3, 5.8¢27 m3, 5.6e27 m3, 5.5¢27 m>3, and 5.3e27 m,

respectively.
Table 4.7: Photon density in the devices
Type Photon density
ZnOlayer
Photon density
le28
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E
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Table 4.7 shows the photon density at each y-position which means the

positioning of material in the devices. The ZnO layer shows a bright red at position

200nm to 300 nm as it is supposedly to be the position of Ru. The rest of the device

exhibit a high photon density at y-position of 400nm to 500nm.
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4.4 Discussion
4.4.1 Chitosan

During Chitosan synthesis, the dried shrimp shell needs to be crush as fined as
possible reaching nanoparticles size. Nanoparticle size Chitosan were easier to diluted
into solution compared to micron particle size Chitosan. From several experiment to
synthesis Chitosan, the soaking time period during deproteinization and deacetylation
process affect the chemical bond of the end product Chitosan. The longer the soaking

time, a preferred Chitosan can be synthesis.

442 Spin coating technique

During ZnO paste depositing, the duration and speed of the machine needs to be
adjusted accordingto the thickness of solution. The thicker the solution, the longer the
duration and the faster the speed of the spin coating machine. Besides that, after every
deposition, the base, and the area around it need to be clean using ethanol to prevent

contamination.

443 Annealing

During the annealing process, the plastic side is important as we must ensure that
the ITO plastic is placed face up and ordinary plastic face down on the hot plate
surface. This is because if we misplaced the side, the ITO in the plastic might be
burned and melted, at the same time can affect the ITO structure. Moreover, the
annealing time also important as the time takes for annealing is too short, the paste
will not fully be attached to the ITO plastic and the time take for annealing should not

cost more than an hour.
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4.44  Fabrication process

After a few dye drops are poured on the ITO side, it needs to leave for a while to
allow the dye to absorb into the annealed layer of ZnO. The longer it leaves, the higher
dye will absorb toward the ZnO layer. During dye, the dye should be drop between
the ZnO pastes so it can spread smoothly through the paste. This is to avoid the ZnO
paste from detached due to the pressure from the dye. The full assembly solar cell is
exposed under the scorching hot sun to ensure that it obtained the maximum energy

from the photon

4.45 X-ray Diffraction Spectroscopy (XRD)

Two crystalline peaks are shown approximately at 10° and 20° in Figure 4.2. XRD
analyses have beenapplied for native and linked chitosan crystallinity characterization
[44]. The first peak at 10°(20) represent the first crystalline while the peak at 20°(26)
represent the second crystalline of the chitosan. The differences of intensity [a.u.]
value between both XRD pattern is due to the moisture of the sample during machine
testing. If the moisture in the synthesis sample is low, the intensity [a.u.] value can

approximately match the commercial sample intensity [a.u.] value.

4.4.6 Scanning Electron Microscope (SEM)

Electron Microscope is a scientific instrument whose function is to analyze objects
at a very small scale with a highly energetic electron beam. This analysis can gain
details about the composition, morphology, topography, and crystallography. The
topography is an object's surface feature like hardness and reflectivity, while
morphology refers to particle shape and size such as flexibility, solidity, and shape.
Next, the composition's information is about the elements and compounds that the

object is produced and their relative quantity. In the meantime, crystallographic detail
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is about how the object's atoms are organized.

SEM is also a powerful tool as it can characterize an extensive specimen from
nanometer to micrometer length scale due to its high spatial resolution. SEM image
does not have any color as it does not use any light, and the only thing it can do is

figure out what surface of the sample.

4.4.7 Fourier-transform Infrared Spectroscopy (FTIR)

Fourier-transform Infrared Spectroscopy is a technique for the obtaining of a
solid, liquid and gas infrared spectrum of absorption or emission. The functional
groups present in the chitosan were evaluated using the FTIR test. From the FTIR
spectrum, the data needed to calculate the degree of deacetylation can be found. The
calculated degree of deacetylation exhibit that sample 2 was the most successful
chitosan thathave been synthesis with 78% degree of deacetylationand 13.3% percent

CITor.

448 Electrical Properties

The voltage and current were measured using a normal battery powered
multimeter which its accuracy is not precise, and the measured value can be doubt. If
the DSSC device have been measured using digital multimer where its accuracy is

certain and has confidence with the measured value obtained.

4.49  GPVDM Simulation

GPVDM simulation works by putting the desired layer in accordance and
change the electrical parameter of the material used. Table 4.5 show the output
information of the device. From the efficiency obtain, ZnO only layer shows the

highest efficiency thatany of the Chitosan-ZnO layer with 3.0947%. ZnO with 160nm



77

thickness Chitosan layer shows the highest efficiency from other mix layer with
2.7645%. This shows that Chitosan does not improve the efficiency of dye-sensitized

solar cell with the current used parameter and material.



CHAPTER 5

CONCLUSION AND FUTURE WORKS

5.1 Conclusion

Dye-Sensitized Solar Cell (DSSC) is one of the solar cell in the third
generation alongside Perovskite with tremendous potential in the renewable energy
industry for the future healthier environment. This is because DSSC is a non-toxic
solar cell as the silicon solar cell, and it can use natural dye only to absorb photons
from sunlight to the photoanode layer. In this project, chitosan was successfully
synthesis from shrimp shell. From personal observation, different time period taken
for soaking the shrimp shell during deproteinization and deacetylation gave out
different output as chitosan. The longer the shrimp shell soaking time, the better the
resulted chitosan. The synthesis chitosan was characterized and analyzed using
Scanning Electron Microscope (SEM), X-ray Diffraction Spectroscopy (XRD) and

Fourier-transform Infrared Spectroscopy (FTIR). All the results for the synthesis
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chitosan were compared with each other to know which are the highest quality

chitosan have been synthesis.

For the fabrication process, natural dye was used replacing standard dye, Ru
(II) polypyridyl or N719 dye. The natural dye was accomplished using blueberries as
the main component of the dye. Beside dye, the electrolyte used was potassium
bromide, KBr which also a strong electrolyte as potassium iodide, KI. The ZnO Thin
Film is deposited with spin-coating technology on indium tin oxide (ITO) glass and
rinsed for 10 minutes at 60°C. For the photocathode substrate, Graphene Oxide (GO)
were use and being deposited on ITO using spin coating technique. The full assembly

DSSC was tested under sunlight by measuring the current using multimeter.

Using GPVDM simulation, the functionality of chitosan can be seen
theoretically. All device that contains chitosan layer did not accomplish efficiency as
high as the ZnO layer only device. On the other hand, different thickness of chitosan

in the device resulting different output value for efficiency, fill factor, V., and J..

5.2 Future Works

For future works, this project showed an ability that can further improve the
technology of dye-sensitized solar cell. The quality of chitosan can be further
enhanced to be more compatible with metal usingan improvise synthesis method. The
thickness factor can be studied in future work by using another method. There are
many improvement can be made to increase the efficiency of dye-sensitized solar cell,
fromthe quality of material used, a better synthesis dye solution used, a stronger redox
solution, and the handling process during the production. The use of chitosan as can
embedded in another component of the dye-sensitized solar cell. For example, using

chitosan as a dye, redox solution or in the counter electrode.
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