www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 3 March 2023 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éb INTERNATIONAL JOURNAL OF CREATIVE
@a% RESEARCH THOUGHTS (I1JCRT)

An International Open Access, Peer-reviewed, Refereed Journal

Nanomaterials For Super Capacitor And
Perovskite Solar Cell Applications: A Review

“Medha Bhushan and Pragathi Jogi

Department of Basic Sciences, G.Narayanamma Institute of Technology, Shaikpet Rd, Ambedkar Nagar,
Shaikpet, Hyderabad, Telangana- 500104

Abstract:

In this review paper,the latest developments in nanomaterials for supercapacitors and perovskite solar cells
have been discussed. Nanomaterials have shown significant potential for improving the stability and
efficiency of Perovskite solar cells and Super capacitors.There are several types of nanomaterials which are
suitable for supercapacitor and perovskite solar cell applications.
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Introduction:

The demand for clean energy solutions has driven the development of advanced materials and devices for
energy conversion and storage[1]. Among these, nanomaterials have emerged as a promising avenue for
improving the performance and efficiency of renewable energy technologies. Supercapacitors and perovskite
solar cells are two key examples of green energy utilization that have attracted significant attention in recent
years due to their potential for high efficiency and low cost[2], [3]. In this review paper, we will discuss the
latest developments in nanomaterials for supercapacitors and perovskite solar cells.

Supercapacitors:

Supercapacitors are energy storage devices that offer high power density and fast charging and discharging
rates, making them ideal for applications that require rapid energy delivery. One of the main challenges in
supercapacitor technology is increasing the energy density, which can be achieved by using nanomaterials.
Nanomaterials such as carbon nanotubes, graphene, and metal oxides have been extensively studied for their
potential in enhancing the performance of supercapacitors. Carbon-based materials have excellent electrical
conductivity, large surface area, and good mechanical properties, making them suitable for use as electrodes
in supercapacitors. Graphene, in particular, has emerged as a highly promising material due to its high surface
area, high electrical conductivity, and excellent mechanical properties. Metal oxides such as titanium dioxide
and manganese oxide have also been explored as electrode materials due to their high capacitance and
stability[4]-[9].
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Carbon-based nanomaterials: Carbon-based nanomaterials such as carbon nanotubes (CNTS), graphene,
and activated carbon have been extensively studied for their potential in enhancing the performance of
supercapacitors. CNTs are one-dimensional carbon nanostructures with high electrical conductivity and large
surface area, making them suitable for use as electrodes in supercapacitors. Several studies have demonstrated
the potential of CNT-based supercapacitors for high energy density applications. Graphene, a two-
dimensional carbon material with excellent mechanical properties, high electrical conductivity, and large
surface area, has also shown significant potential for use in supercapacitors. Graphene-based supercapacitors
have been shown to offer high power density, fast charge/discharge rates, and excellent cyclic stability.
Activated carbon, a porous carbon material with a high specific surface area, has also been widely used as an
electrode material in supercapacitors due to its excellent electrochemical performance[10].

Metal oxide nanomaterials: Metal oxide nanomaterials such as titanium dioxide (Ti02), manganese oxide
(MnQ2), and nickel oxide (NiO) have also been explored as electrode materials for supercapacitors. TiO2 has
shown promise due to its high capacitance, excellent stability, and low toxicity. Several studies have
demonstrated the potential of TiO2-based supercapacitors for high energy density applications. MnO2,
another metal oxide with a high specific capacitance, has also been extensively studied as an electrode
material in supercapacitors. MnO2-based supercapacitors have shown excellent electrochemical performance,
including high specific capacitance and good cyclic stability. NiO, a semiconductor with a high specific
surface area, has also shown potential as an electrode material in supercapacitors. NiO-based supercapacitors
have been shown to offer high specific capacitance, excellent cyclic stability, and fast charge/discharge
rates[11].

Hybrid nanomaterials: Hybrid nanomaterials, which combine different types of nanomaterials, have also
been explored for supercapacitor applications. One example is the use of CNTs and metal oxides such as
MnO2 or NiO, which can lead to improved performance due to the synergistic effect between the two
materials. Several studies have demonstrated the potential of CNT/MnO2 and CNT/NiO hybrid nanomaterials
for use as electrode materials in supercapacitors[12].

Conducting polymer nanomaterials: Conducting polymer nanomaterials such as polyaniline (PANI),
polypyrrole (PPy), and poly(3,4-ethylenedioxythiophene) (PEDOT) have also been extensively studied as
electrode materials in supercapacitors. These materials offer advantages such as high electrical conductivity,
good processability, and low cost. Several studies have demonstrated the potential of conducting polymer
nanomaterials for use in high-performance supercapacitors. For example, PANI-based supercapacitors have
been shown to offer high specific capacitance and excellent cyclic stability[13].

Perovskite Solar Cells:

Perovskite solar cells are a type of thin-film photovoltaic device that offer high efficiency and low
manufacturing costs. However, the stability of perovskite materials is a major challenge for commercialization
of perovskite solar cells. Nanomaterials have been explored as a means of improving the stability and
efficiency of perovskite solar cells. One promising approach is to use nanocrystals of perovskite materials,
which have been shown to enhance the stability and improve the efficiency of perovskite solar cells.
Additionally, nanoparticles of metal oxides such as titanium dioxide and zinc oxide have been used as
electron transport layers in perovskite solar cells, which can improve the device performance[14].

Perovskite Nanocrystals:

One of the most promising approaches for enhancing the stability and efficiency of PSCs is the use of
perovskite nanocrystals. Perovskite nanocrystals have a high surface area and improved crystallinity, which
can lead to improved stability and higher efficiency. One approach to synthesizing perovskite nanocrystals is
by using ligand-assisted reprecipitation, which involves adding a ligand to the precursor solution to control
the growth and morphology of the nanocrystals. Several studies have shown that the use of perovskite
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nanocrystals can lead to improved stability and efficiency of PSCs, compared to conventional perovskite
films[15].

Metal Oxide Nanoparticles:

Metal oxide nanoparticles, such as titanium dioxide (TiO2) and zinc oxide (ZnQO), have been widely studied as
electron transport layers (ETLs) in PSCs. ETLs are critical for efficient charge transport in PSCs, and metal
oxide nanoparticles have several advantages over conventional ETL materials, such as improved electron
mobility, high transparency, and low cost. TiO2 and ZnO nanoparticles have been synthesized by various
methods, such as sol-gel, hydrothermal, and electrodeposition, and have been incorporated into PSCs with
improved efficiency and stability. Additionally, surface modifications of metal oxide nanoparticles, such as
the introduction of surface passivation layers, have been shown to further enhance the performance of
PSCs[16].

Carbon-based Nanomaterials:

Carbon-based nanomaterials, such as carbon nanotubes (CNTs) and graphene, have also been explored for use
in PSCs. CNTs and graphene have high electrical conductivity, high surface area, and excellent mechanical
properties, making them suitable for use as electrodes in PSCs. Additionally, these materials can be used as
transparent conductive films (TCFs) for replacing conventional TCFs, such as indium tin oxide (ITO), which
is expensive and brittle. Several studies have reported improved efficiency and stability of PSCs using CNTs
and graphene electrodes or TCFs[17].

Hybrid Nanomaterials:

Hybrid nanomaterials, which combine different types of nanomaterials, have also been explored for PSC
applications. For example, the combination of perovskite nanocrystals and carbon-based nanomaterials has
been shown to enhance the stability and efficiency of PSCs, due to the synergistic effects of the high surface
area and electrical conductivity of carbon-based nanomaterials and the improved crystallinity and stability of
perovskite nanocrystals. Similarly, the combination of metal oxide nanoparticles and carbon-based
nanomaterials has been shown to improve the charge transport and stability of PSCs[18].

Conclusions:

Nanomaterials have shown significant potential for improving the performance of supercapacitors and
perovskite solar cells. Carbon-based materials, graphene, and metal oxides have been extensively studied for
use as electrodes in supercapacitors, while nanocrystals of perovskite materials and metal oxide nanoparticles
have been explored for enhancing the efficiency and stability of perovskite solar cells. Future research in this
field is expected to further enhance the performance and durability of these green energy utilization
technologies, enabling a sustainable energy future potential for high efficiency and low cost.
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