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1. Introduction

1.1 Solar Energy

Technological advancements and the dependence on renewable energy are causing a
growth in the world’s energy demand (Assirey, 2019). So it is important to go for
cheap, reliable resources. Solar energy is a promising and unlimited energy source,
which is derived from the sun, and it is developing all over the world by using the
solar energy and fabricating the solar cells to depend on it (Assirey, 2019). The solar
energy is transferred through solar panels into electricity using a semiconducting
material. f \¢

1.2 Solar Cells 6
«a

Solar cells are cells that transform solar energy into electricity from the sun. Also, the
Silicon has been the main material used in solar cells since long time ago, as its
semiconducting properties perform well with the spectrum of the sun’s rays and it is
relatively abundant and stable. (Mesquita et al., 2018) However, the large silicon
crystals which are called “Ingot” used in solar panels require an expensive,
unsustainable and eco-unfriendly causing toxic waste generation and multi-step
manufacturing process that utilizes a lot of energy (Mesquita et al., 2018).

1.3 Perovskites Av

Perovskite are compounds that have the formula ABX3, where ‘A’ and ‘B’ represent
cations and X is an anion “preferably halide” that bonds to both and have a variety of
characteristics (Assirey, 2019). A large number of different elements can be
combined together to form perovskite structures. Using this compositional flexibility,
scientists can design perovskite crystals to have a wide variety of physical, optical,
and electrical functions (Mesquita et al., 2018). Perovskite crystals are found today in
ultrasound machines, memory chips, and now — solar cells (Carretero-Palacios et al.,

2016). Moreover, the perovskites got a significant attention due to its properties
depending on its components and due to its cheap, easy and quicker manufacturing.
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1.4 Carbon Dots

Recently, Carbon Dots (CDs) have been improved to modify the charge transport
layer and perovskite layer. (Carretero-Palacios et al., 2016) The carbon nanomaterials
are readily synthesized, cost-effective and stable. (Guo et al., 2021) Carbon modifiers
as additives into PSCs have gained attention because they successfully enhanced the
properties and stability. As a new member of carbon nanomaterials, carbon dots have
drawn great attention because of their properties, and carbon dots are very cheap,
stable, nontoxic, and can be easily made by solution synthesis routes. (Pham et al.,
2021) Herein, the use of cheap and organic carbon dots (CDs) derived from one of the
many resources that can have CDs, Orange peels (Prasannan & Imae, 2013), will be
investigated to fabricate high-performance and stable PSCs.

1.4.1 Carbon Dots Synthesis \Q

CDs can be made through many methods such as: Direct pyrolysis, Microwave,
Sonochemical, Chemical oxidation or Hydrothermal and Solvothermal (Prasannan &
Imae, 2013). It can be extracted from pure chemicals such as Citric acid, Glucose or
natural substrate such as Human hair, Orange peels, Human blood, Eggs, Cigarette
smoke and others (Prasannan & Imae 2013).‘

1.5 Objectives w

The research aims to study the addition of the carbon dots (CDs) extracted from a
natural source (Orange peels), by hydrothermal method and carbonization and
applying it on the MAPbBr3; PSC, to have a higher efficiency and more stable solar

device. \_4f
1.6 Hypothesiss

 Basic hypothesis: The CDs will be extracted from natural source, applied on

the PSC and it will improve the efficiency and stability of the perovskite.
e

Null hypothesis: The CDs will not improve the efficiency and the stability of

the perovskite.

Alternative hypothesis: The CDs will improve the efficiency of the perovskite.

GSJ© 2024
www.globalscientificjournal.com



GSJ: Volume 12, Issue 12, December 2024
ISSN 2320-9186 1771

2. Problem

Silicon has been the main material used in solar cells since long time ago, as

its semiconducting properties perform well with the spectrum of the sun’s

rays and it is relatively abundant and stable. However, the large @i
crystals which are called “Ingot” used in solar panels requireen
unsustainable and eco-unfriendly causing toxic waste gene
step manufacturing process that utilizes a lot of ener ite is a
suitable replacement, but due to its bad stabilit y it cannot
compete the Silicon cells. In this research, ply a suitable

additive to solve this obstacle.

3. Importance of resedgc ‘

This study will help the per r cells to compete with the Silicon cells

with half the cost, ap fficiency, and a higher lifetime (than the

normal or contr;

Ob]

ms to study the addition of the carbon dots (CDs) extracted from
ource (Orange peels), by hydrothermal method and carbonization

plying it on the MAPbBr; PSC.
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5. Hypotheses

* Basic hypothesis: The CDs will be extracted from natural source,

applied on the PSC and it will improve the efficiency and stability of the

perovskite.
* Null hypothesis: The CDs will not improve the ef‘ci% e

stability of the perovskite. \

* Alternative hypothesis: The CDs will impave, %ency of the
perovskite. \Q

6. Variables

Independent Controlled

Wability, volts Carbon dots (CDs)

generated pH
Q Electrode
%ch Question

carbon dots (CDs) show a positive impact on the perovskite MAPbBr;3

MAPbBHBr3

7.

that can be effectively used in photovoltaic applications
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8. Keywords

* CDs: Carbon nanoparticles which are less than 10 nm in size and have some
form of surface passivation.

* PSC: Perovskite Solar Cell
* PCE: Power Conversion Efficiency. ‘\

 HTM: Hole Transport Material. Q
& number 6.

temperature.

* Carbon: a chemical element with symbo

Classified as a nonmetal, carbon is a soli

* ETM: Electron Transport Material.
* MA: Methylammonium (CH3NI-‘
« PSK: Perovskite. } @

0
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9. Scientific Background: Previous studies

» Are carbon dots worth the tremendous attention it is getting:
Challenges.
In the last decade, research on ‘carbon dot’ (CD) has grow tially

with its exhilarating aspects in biomedical, environmelgll r

energy-related applications, and many others. However ampant

oY, Q I
&enher consciously

Lve impact on CD

pace of publications, few rudimentary questions
have been overlooked and continued to b
or unconsciously. Naturally, it is fostegng
research and confining its enormous p thin the laboratory.
Herein, we have tried to decode t

inter
trﬁ £ CD to industry and ultimately to
1

cated multifarious synthesis

ected factors that are

shackling further growt
market. Towards this, w
precursors and appr the nature of fluorescence. Overall, we

believe atteng ndamental concerns associated with CD will

to mankind.

> Strat
t

high performance perovskite/crystalline silicon four-
ndem solar cells
ork, we report systematic studies on improving the optical and

%rical properties of four-terminal perovskite/c-Si tandem solar cells.
Light harvesting power of the device is significantly enhanced due to the
complementary absorption spectra of the perovskite and c-Si absorber
materials. To obtain high power conversion efficiency (PCE) for the

device, careful engineering of optoelectronic properties of the devices are
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accomplished through: 1. Oxygen annealing treatment for reducing defect
density of perovskite materials; 2. Optical engineering of the transparent
electrode (MoO3/Au/Mo0O3) to obtain high transmission at long

wavelengths for the tandem solar cell applications; and 3. Enhancgment of

light harvesting power achieved by using the novel biomi
elastomeric petals as the light trapping layer. The indiv@ual k.
solar cell (PSC) with MoO3/Au/MoO3 electrode wit
combining c-Si bottom cell with perovsk4 r&c
overall PCE of 22.4% is achieved for \

promising result for future developmen

out light

trapping layer yields an average PCE of 16.6 espectively. By

hanically, an
value, which is a

ovskite based tandem solar

cells.
> Self-assembled carbon do erovskites enable light trapping
and defect passivation fmb\ and stable perovskite solar cells
“Herein, we demons ilient, high efficiency
triple-catio lar cells (PSCs) by incorporating carbon dots
uman hair into the perovskite film synthesis.
, th& CD-wrapped perovskite film demonstrates a reduced
erfacial defects including metallic lead clusters and
inated halide vacancies, improved carrier recombination lifetime,
mer energy alignment with the adjacent hole transport layer, and
enhanced hydrophobicity. By leveraging these advantages to enhance the
efficiency of PSCs, the results have showed a maximum power conversion

efficiency of 20.22%, higher than 18.72% for PSCs without CDs, and the
device stability is also significantly enhanced (Pham et al., 2021).
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10. Materials & Methods

Materials:

Materials

methylammonium bromide (CH3NH;3Br)
lead bromide (PbBr2)
N,N-dimethylformamide (DMF)
Acetone (CH3COCH3) phloroglucinol
Sulfuric Acid (H2SO4)
(Spiro-OMeTAD)
titanium dioxide (@

a sodium hypochlor .
ITO (indium tin oxide)coatg&lass substrate

Methods:

» Synthesis of CDs

Orange waste p i shed in water and dried in sunlight, followed by

rmal Carbonization of Orange Peels):
oven-dryingor ¢ tion. Then, 2 g the pretreated orange waste peels will
be washed 1 mL of an aqueous sulfuric acid solution (H,SO4) and rinsed
with w ed by filtering and drying in an oven for at 2h. After that the
bt% ge peels will be mixed with 60 mL of a sodium hypochlorite
LOW, kept at room temperature for 3-5 hours and then washed in water until

th of washed water reaches 7. The oxidized orange peels (in water) will
be kept to cool and to separate at 180 °C for 12 h. The separated solution we
will have will be washed with dichloromethane to remove the unreacted

organic moieties. Then it will be centrifuged at 5000 rpm for 15 min to separate
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the solvent from the mixture and finally dried at 100 °C for 2 h to have the
solid CDs (As shown in Figure 1).

TR

¢ P |
TR Dryin
7 ey e

Orange Peels

g Hydrothermal Carbonization .

Oxidized Orange Peels

Figure 1 The Hydrothermal Process o %
* Device fabrication }
ni

For the fabrication process, the spin-c

the films of MAPbBr; (As sh

que will be used to create

2a). The ITO glass substrate will
be cleaned using acetone, foll sonication and dried. Then 0.25g of
ed with the solvent DMF. Then, a 100puL
the spin-coater, then a 0.01g of the CDs will

or 45s. Each material after that will be spin-coated

at 4000 rpm 45sW¥hen the film will be dried before annealing at a high

degree tgafl he fabrication process. Then a Copper electrode will be

applg hermal evaporation (Structure is shown in Figure 2b).

MAPbBr, CDs

—ﬁ— _ﬁ‘- -ﬁ— _ﬁ_ Spirn:-e(:IaVIIeTAD

-?— —?— —?_ _é'_ MAPbBr,/CDs

FTO/ITO Glass

Figure 2a shows the spin-coating process (Ezike et al, 2017). Figure 2b shows the device structure.

10
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11.  Expected Results & Discussion

The expected results in table 1 that it will show an increase in the PCE of the
Perovskite MAPbBr3 by 5.5%, Increasing from 6.5% to 12%, generating 1.15V
which is higher than the normal film (1.12V).

Expected results

10 / }

1.115 1.12 1.125 1.13 1.135 1.14 1.145 1.15 1.155
Volts generated

PCE Percentage

o N B OO

Table 1 shows expe Openzrcuit

e PSK formation (as showed in figure
vskite crystals, and work as a cover layer.

As well as it will show a suppr
3), surrounding the surface of

-

Control PSK CDs-PSK
0000

Figure 3 shows Schematic illustration showing the suppression of the CDs on the PSK film
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Also the CDs will enhance the light harvesting capacity, and it is expected to

reduce the reflection losses from approximately 30% to 20% in the wavelengths
(350 to 750 nm). (As showed in table 2).

- 100
T
Control Abs
~| ¢ CDs-PSK_Abs F80
= Control R S
= . - ~
- * CDs-PSK R =
2 - 60 2
- e Q
- —— e W
— =
2 4
w
= =40
-
v—"~;;::;—*A —_— :fZU
| s

T By

L} 5 T J ) 1
400 500 600 700 800 900
Wavelength (nm)
Table 2 Reflection and absorpt
(Abs = Absorption,

,corresponding perovskite films.

n) (Pham et al., 2021)
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12. Expected Conclusion

* The CDs has two expected main factors that will lead to an improvement in the
light absorption which are: the thickness of the PSK film and the light
reflection loss ratio.

he
|

* It is expected to support the growth towards the PSCs and co
Silicon panels in the cost, efficiency and a higher lifetim@ha
PSC device.

1 any generating
' and stability of the

* MAPDBr; and CDs device is expected to shg
1.15V which means that the CDs increased
PSC device.
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13. Future work

e Short term future work

- Studying the process of doping materials in the PSK device

- Studying the use of tin instead of lead to reduce the to '

- Using dibenzofulvene as a HTM instead of Spirok
* Long term future work

' &Ihe device in
n nt.
@of the chemicals will be read and

discussed before the expeig h the research mentor. The fabrication of

the PSC device

— Validating the efficiency and stabi

large panels for long time in lo

14. Risk Assessment

The Materials Safety datashe

e box, it has neither toxic effect nor risk. Lab

coats, gloves wi all times during the lab work.

D
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