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Graphene aerogels (GAs) are of significant interest in the scientific community due to their unique attributes, including a

three-dimensional porous structure, exceptional specific surface area, and remarkable chemical stability. Researchers

have made notable breakthroughs in aerogel preparation, focusing on aspects like porous structures and chemical

stability. 
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1. Introduction

Graphene aerogel (GA) stands out as an extraordinary three-dimensional porous solid material, distinguished by its ultra-

low density, impressive specific surface area, exceptional porosity, and remarkable adsorption capacity. These remarkable

properties bestow upon GA a wide spectrum of applications, encompassing energy storage , catalysis , sensors ,

environmental protection , and beyond. When compared to pristine graphene, GA triumphs over the challenges of

agglomeration and the reduction in specific surface area, with issues often stemming from the formidable π-π conjugation

and van der Waals forces between graphene sheets during processing. This triumph significantly broadens the horizons

for graphene applications, such as energy storage, thermal insulation, and environmental protection. Despite its many

potential applications, GA is still expensive to produce and there are no widely available graphene aerogel products on the

market today. Therefore, future research and development must focus on reducing production costs, improving efficiency,

and developing new application areas.

Traditional synthesis methods for GA encompass hydrothermal reduction, template-based approaches, and sol-gel

methods . Among these methods, the hydrothermal reduction method reigns as the most prevalent. It commences with

graphene oxide (GO), initiating a process of thermal reduction and self-assembly or chemical cross-linking of GO in

aqueous or organic solutions to yield graphene hydrogel (GH) . Subsequently, GA can be meticulously crafted through

the freeze-drying or supercritical-CO -drying of GH, thus realizing its full potential in a myriad of applications .

Gamma-rays, as a form of ionizing radiation, are characterized by their high energy and are primarily emitted during the

decay reactions of radionuclides such as Co and Cs. When γ-rays interact with various forms of matter, including

aqueous solutions, they have the capability to ionize or excite atoms and molecules, resulting in the generation of active

particles. This, in turn, initiates a cascade of physical and chemical reactions.

In recent times, the utilization of γ-ray irradiation techniques has gained considerable popularity due to their efficiency,

convenience, and ease of use. This technique has found widespread application in the fabrication and modification of

inorganic nanomaterials , as well as the development of polymer functional materials . Researchers have

harnessed the power of γ-ray irradiation to precisely tailor the properties of these materials for specific applications.

Furthermore, it is worth noting that the versatility of γ-ray irradiation extends to the realm of graphene-based materials.

Several studies have demonstrated the successful preparation and enhancement of graphene-based materials using γ-

ray irradiation. This innovative approach has shown promise in unlocking new possibilities for graphene-based materials,

making them even more versatile and adaptable to a wide range of technological and scientific advancements 

. However, only a few works have summarized the graphene aerogels prepared using conventional chemical methods

and few studies have been reported on the preparation of GAs by γ-ray irradiation.

Gamma-ray irradiation provides a uniform reduction in GO, ensuring consistent and controlled reduction across the entire

graphene structure. This results in a more homogeneous and well-defined GA. The use of γ-ray irradiation helps prevent

the agglomeration of reduced graphene oxide sheets. This results in a well-dispersed and interconnected graphene
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network within the aerogel, contributing to improved mechanical and thermal properties. As depicted in Figure 1, the

graphene-based aerogels, meticulously crafted through the powerful technique of γ-ray irradiation, exhibit an exceptional

degree of reduction and feature a captivating 3D honeycomb-like structure. This structural marvel serves as a testament

to the ingenuity of the fabrication process.

Figure 1. Catalysis and absorption applications of graphene-based aerogels.

These remarkable graphene-based aerogels, hereinafter referred to as GA, offer a plethora of applications driven by their

distinctive characteristics. Of particular note are their remarkable roles in catalysis and adsorption. Within the realm of

catalysis, GA demonstrates the capability to facilitate the catalytic reduction in various organic substances, thereby

contributing to the advancement of green and sustainable chemical processes. Simultaneously, in the realm of adsorption,

GA’s unique properties enable its use in the continuous and efficient separation of oil and water, a crucial process in

addressing environmental challenges.

2. Radiation Synthesis of GA

Under the influence of γ-ray irradiation, as thoughtfully illustrated in Scheme 1, water undergoes a fascinating

transformation, generating a multitude of active products. Among these products are the formation of H  and H O

molecules, the emergence of hydrated electrons (e ), and the release of ·OH, H·, HO · radicals, and H O . This diverse

array of species plays a pivotal role in the ensuing chemical and physical reactions.

Scheme 1. Radiolysis mechanism of water.

Notably, within this intricate interplay of reactions, there exists a delicate balance between reductive and oxidative

species. Hydrated electrons and H· are representative of the reductive species, while ·OH, HO ·, and H O  fall within the

category of oxidative species. However, it is within this dynamic equilibrium that the presence of radical scavengers in

aqueous systems, such as alcohols or amines, becomes significant. When introduced, these scavengers play a

remarkable role in eliminating and converting oxidative radicals, particularly the highly reactive ·OH, into reductive

radicals. These reductive radicals synergize with the potent e  to engage in the reduction of oxidative substances,

shaping the complex chemistry of the irradiation process.

This intricate dance of chemical reactions has profound implications for the graphene-based aerogels prepared through

the dual techniques of γ-ray irradiation and freeze-drying. These materials are subject to various influencing factors,

including pH and the type of radical scavengers, as elegantly depicted in Figure 2. The precise manipulation of these

factors allows for the fine-tuning of GA’s properties, rendering it a versatile tool in the realms of catalysis and adsorption.
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Figure 2. The synthesis method of graphene-based aerogels and their applications.

Furthermore, the versatility of the γ-ray irradiation process extends even further. Through the introduction of different

modified species during irradiation, GA can be endowed with enhanced catalytic or adsorption properties, thus expanding

its application horizons. This multifaceted approach enables the tailoring of graphene-based aerogels to meet the

demands of a diverse range of applications, with the potential for groundbreaking contributions to science and technology.

Radiation-based preparation of GA typically involves utilizing GO as the precursor material. The reduction and self-

assembly of GO are induced by γ-ray irradiation to yield a graphene hydrogel. Subsequently, a freeze-drying method is

employed to obtain a lightweight GA characterized by a high carbon-to-oxygen (C/O) ratio. It is crucial to note that various

factors can influence the reduction and self-assembly process during this approach, including the absorbed dose, solution

composition, pH value, and concentration.

To enhance the versatility and application potential of GA, additional techniques can be incorporated. Amines or alcohols

are often introduced as free radical scavengers to capture and neutralize species like e , ·OH, and other particles

generated through water radiolysis. This not only helps in eliminating oxygen-containing groups but also facilitates the

introduction of nitrogen-containing groups or hydroxyl alkylation. Moreover, in a bid to expand the scope of GA

applications, metal ions can be introduced into the mixed solution. This has the dual benefit of simultaneously reducing

the metal ions and GO while ensuring even dispersion of nanoparticles on the graphene sheets.

The graphene aerogels produced through irradiation methods offer numerous advantages and exhibit substantial potential

in applications such as organic solvent absorption, oil spill cleanup, and environmental remediation efforts. However, it is

worth mentioning that, despite these promising attributes, there remains a scarcity of research on the radiation-based

preparation of graphene aerogels.
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