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ABSTRACT

The development of renewable energy sources continues to advance. Reducing CO, emissions and energy demand is the major justification for
utilizing renewable energy. There are numerous renewable energy sources, including biomass, wind, and solar. Solar energy is free from cost and more
efficient. Hydrogen meets the future energy demand because it does not create any environmental pollution. Hydrogen is clean and efficient energy.
Advanced technology using Photocatalysis and solar energy for producing hydrogen. Photocatalytic has consisted of TiO2 Semiconductor. It converts solar
energy into chemical energy and another main advantage of Photocatalytic is to store solar energy. This Review presents hydrogen production using
photocatalysis and solar energy.
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1.Introduction

The depletion of fossil fuels is accelerating. The major disadvantage of fossil fuels is produced greenhouse gas, carbon dioxide CO,. So, to decrease the
usage of fossil fuels instead of that using renewable energy like solar, wind, and hydro. Renewable energy sources are free, easily available, and pollution
free. wind energy cannot be stored. Hydro energy also spent more money to construct dams. hydro and wind produce noise and it consists of turbines
(moving parts) then which will take more maintenance. Geothermal energy is more difficult to handle. So finally solar energy has more advantages
compared to the above energies. There is no noise pollution and rotating parts and it’s low cost.

Hydrogen is an abundant gas. It is ecologically benign because its end users will not emit pollution or greenhouse gas emissions or otherwise negatively
influence the environment. Hydrogen may be kept in three forms: liquid, metal hydride, and gaseous. Hydrogen production is achieved by steam
reforming, biomass, and photocatalysis. Steam reforming is used methane as fuel, and steam.

The combination of these two produces a carbon-hydrogen ratio again using that carbon monoxide (CO) and steam to produce furthermore hydrogen and
carbon dioxide(CO,). Another coal gasification taken as fuel withhigh-temperature steam produces hydrogen, carbon monoxide(CO), carbon
dioxide(CO,), and other compounds.

Biomass like organic waste will be used for the production of hydrogen in absence of oxygen but it produces carbon products. Steam reformation and
biomass all produce carbon products so these methods are created pollution to the environment. Therefore, it is not the best strategy to prevent pollution in
the environment. The major effective method is using solar energy and photocatalyst. So this method is proven to improve but it has also some limitations.
Low efficiency and a lack of sun sensitivity are the main drawbacks of photocatalysts. Because it only absorbs a small amount of sunlight, its efficiency
declines. Advanced compression processes require energy and expensive equipment to overcome these constraints, which raises overall prices. Hydrogen
fuel has applications in hybrid vehicles, but one drawback is that it is more expensive than a petroleum-based vehicle.
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2.Methodology

Three steps are typically needed to complete a photocatalytic reaction on a semiconductor. The semiconductor photocatalyst absorbs photons in the first
step of light absorption. If the photons' (HV) energy is greater than the semiconductor's bandgap energy, electrons (e-) are excited and transferred from the
valence band to the conduction band first, leaving a hole (h+) in the VB. In this stage, "e—h+ pairs"—pairs of electrons with negative charges and
positively charged holes—are created. Charge separation and transfers come next. Even though some photoinduced e- and h+ mix in the majority of the
photocatalytic activity, the photoinduced e-h+ couples are divided and transported to the surface of the semiconductor (volume recombination). The
surface oxidation and reduction processes are the last phases. Chemical species react with photoinduced charges on the semiconductor's surface. While
this is happening, some photogenerated e- and h+ mix again without engaging in a chemical process. The below figure from ref(4).

Figurel: Basic principles of semiconductor-driven photocatalysis From Ref(4)
How to improve tio, using different sacrificial agents

TiO,'s photocatalytic activity has been consistently improved, and attempts have been made to improve its reactivity to visible light to tackle the
difficulties described above that and make solar photocatalytic water splitting of TiO, possible. In H, manufacturing, sacrificial agents, and other
procedures are used. Some of them have been shown to assist improve TiO,'s photocatalytic activity.

Water splitting for hydrogen production using TiO, catalysts in pure water is difficult because photo-generated VB holes and CB electrons quickly
recombine.By using sacrificial reagents or electron donors to react with photogenerated VB holes, the electron-hole separation may be enhanced, resulting
in greater quantum efficiency. The disadvantage of this method is that since electron donors will be used up during the photocatalytic process, additional
ones must be added constantly to maintain the reaction.

Metal oxide

The benefits of metal oxides are their inexpensive cost, excellent structural stability, and minimal toxicity. They can also be adjusted using various tactics,
enhancing their performances, and they are simple to prepare. Additionally, good redox capacity is given to metal oxides by the correct band locations in
the H, generation using photocatalysis.The activity of TiO, in photocatalysis is greatly enhanced by loading metals, such as Rh, Ni, Cu, Pt, Au, Pd, and
Ag

Titanium dioxide (TiO,) is the semiconductor material most commonly studied for photocatalytic H, generation. Ref(4)an atomic-scale defect engineering
approach for generating and regulating traps for Pt single atom (SA) sites on thin sputtered TiO, films for photocatalytic H, generation was provided The
density of defect centers on centers can be carefully regulated, resulting in a density of Pt SA sites that can be perfectly controlled. When compared to
conventional Pt nanoparticle-modified TiO,, these decorated Pt SA sites increased TiO, photoactivity by 150 times. Cho et al. Ref [4] revealed that pre-
reduced TiO2 support may reverse the interaction with Nanoparticles and strengthen the metallic form of Pt, resulting in a three-fold improvement in H,
generation rate when compared to typical Pt/TiO, supports. The active triple connections are Pt/TiO2/H,O.H, generation catalytic sites in the presence of
CH30H

gC3N4 photocatalysts

Carbon-nitride-based photocatalysts are now receiving a lot of interest for their photocatalytic H, production due to their unusual electronic structure. This
section covers recent notable advances in the creation of C3N4-based photocatalytic for H, evolution. The below figure from ref(2)
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Figure 2. Proposed mechanism of graphitic carbonnitride (g-C3N4)-based photocatalysts. From ref(2)

From the CB (g-C3N4) to the MoS;, electrons might move thanks to the establishment of band alignment. As a result, the M0oS2/gC3N4 nano connection
considerably improved Hydrogen evolution efficiency, achieving the highest Hydrogen production rate and optimum quantum efficiency.As a result, the
MoS,/gC3N4 nano junction achieved the highest Hydrogen production rate and optimal quantum efficiency of up to 2.1% (420 nm), which was greater
than that of the g-C3N4/Pt junction. The performance of g-C3N4-based H, generation can be increased by inserting noble-metal particles such as Pd or
Au, which accept electrons in the CB and limit the rate of charge recombination. Many researchers are working on metal-free catalysts for H, evolution,
and recent studies included non-noble-metal catalysts into g-C3N4 catalysts, which displayed better photocatalytic performance when compared with
noble-metal catalysts.

Z-scheme photocatalyst

The Z-scheme is used to separate water. During a Hydrogen production evolution process, the oxidation of an electron donor (D) by VB holes and the
reduction of protons by CB electrons occur on the surface of the photocatalyst resulting in the matching electron acceptor (A), where the electron acceptor
produced by the paired H, evolution photocatalyst is transformed to D and the water oxidation reaction occurs through the valence band holes. As a result,
water splitting is feasible

3. Conclusion

This study covers recent substantial advances in photocatalytic renewable energy generation based on semiconductor photocatalysis, with a focus on H,
production and CO, reduction. These research efforts have largely concentrated on solving two scientific issues linked with photocatalytic activity to
increase photocatalytic performance: light intensity and photoinduced charge separation. Various techniques based on photocatalytic structure have been
used to enhance light usage rate and photogenerated charge separation: 1. Metal loading 2. gc3n4 3. The Z scheme. To build a low-cost and good-for-the-
environment water-splitting process, new technologies must be designed in combination with a solid theoretical foundation for a greater grasp of the
hydrogen-generating mechanism.
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