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Aerogels are an exceptional form of porous materials with extraordinary unique properties. The aerogel has been

fabricated from different inorganic and organic materials and incorporated with a variety of novel compounds for specific

applications and to enhance its performance in the desired application. 
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1. Introduction

Aerogels are open-celled and mesoporous forms of materials composed of inter-connected nanostructured networks

exhibiting a porosity of more than 50% . Aerogels have steadily developed since S. Kistler fabricated aerogels for the

first time from silica gel in 1931 . Abdul Khalil et al.  presented the chronological development of aerogel materials

from inorganic silica aerogel until the current forms of nano-structured aerogels. The term nano is applied to materials that

have at least one dimension in the nano-meter range (1 to 100 nm). Nano-structured aerogels are said to be materials

with pores of less than 50 nm in diameter . Having such a character, nano-structured aerogels possess an ultra-light

weight and extremely high surface area, making them attractive materials for several advanced functionalities.

2. Classification and Properties of Nano-Structured Aerogels

The history of aerogel materials commenced with the fabrication of a silica aerogel by Kistler in 1931, who replaced the

liquid in “Hydrogel” with gas without inducing any shrinkage . Owing to the unique properties that suit particular

applications, these materials have been widely utilized in several applications, including acting as: carriers for the delivery

of different drugs ; electrodes in batteries ; filters for wastewater treatment ; and catalyst supports in fuel cells .

Several methods have been used to classify aerogels since there is no standard IUPAC classification yet for them . The

most convenient classification for aerogels is based on the precursor/s and/or the additives, which can be classified into

three main groups, including inorganic, organic and composites . Inorganic aerogels are the initial form of the materials

prepared from metal alkoxides and/or metal salts to form metal oxide aerogels, chalcogenide aerogels and metallic

aerogels. Organic aerogels are derived from several form of carbon, including biopolymers, phenol formaldehyde resin,

etc to form biopolymeric aerogels, carbon nanotubes, graphene aerogels and other polymeric aerogels . However, the

third form of aerogels is formed by combining both inorganic and organic precursors to form composite aerogels (Table
1).

Table 1. Classification of aerogels based on the precursor material/s.

Type of Aerogel Sub-Type Example Ref.

Inorganic based aerogels

(1) Inorganic oxide aerogels Gold/iron oxide aerogel

(2) Metallic aerogels Vanadium nitride nanosheets aerogel

(3) Chalcogenide aerogels Chalcogenide aerogel CuSb S

(4) Silica aerogels Transparent silica aerogel fibers

Organic based aerogels

(5) Carbon aerogels Shaddock peel-based carbon aerogel

(1) Biomass aerogels Marine biomass-derived aerogel

(2) Synthetic organic aerogels Polylactide aerogel

(3) Biopolymeric aerogels Nanocellulose/Chitosan aerogel
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Type of Aerogel Sub-Type Example Ref.

Composites aerogels

(4) Mixed metal oxide aerogels Magnetic iron oxide/graphene aerogel

(1) Mixed organic aerogels Alginate-chitosan aerogel

(2) Mixed inorganic aerogels Mesoporous Fe-silica aerogel

(3) Organic/inorganic aerogels Nanocellulose/silica aerogel

(4) Other composite aerogels Nanocellulose/poly ethylenimine aerogel

Aerogels have been developed from almost every material, which determines the properties of that aerogel. However, the

lack of novel properties in a single material limits the multifunctionality of many pure aerogels. Therefore, composite

aerogels provide a solution for many potential applications to enhance, introduce and develop novel materials for many

new applications. Nanoparticles of silica were impregnated with a network of polymers and loaded with model drugs .

This composite aerogel possesses an excellent drug release properties, which can be a potential drug carrier for many

medical applications, such as wound dressing . A silica–gelatin aerogel hybrid was fabricated and incorporated with the

anticancer drug methotrexate . The incorporation of the drug to the composite aerogel provided an excellent control for

drug release. Other composite aerogels have been also used in the field of adsorption, separation and filtration, such as

the removal of antibiotics from polluted water using nanocellulose/graphene oxide hybrid aerogel , and the same

composite aerogel has been used for water purification . Gonçalves and co-workers developed a composite aerogel

based on alginate by incorporation of an alginate biopolymer with some drugs in the form of microparticles for mucosal

administration. The authors reported that drug release from the alginate-based hybrid was faster than in previous polymer

hybrids such as alginate/pectin .

The silica aerogel is the first prepared inorganic aerogel characterized with extraordinary properties, which opened a new

pathway to many potential applications. The high cross-linked structure, high porosity and ultra-low density of silica-based

aerogels raised a lot of interest in many applications . They are mainly composed of air (more than 95%) and only the

rest are silica, therefore, it exhibits poor thermal conductivity, and a high surface area , and being a novel material

with unusual properties, has a promising and bright future in many important fields. Several precursors have been used

for the preparation of silica aerogels including; Na SiO , Si(OR) , MTMS, TEOS, and TMOS . The production expenses

of silica aerogels minimized their usage at the time they were discovered. However, in recent years, silica aerogels have

been prepared from cheaper precursors, such as bamboo leaf , fly ash , oil shale ash , water glass ,

agricultural wastes, such as wheat husk  and bagasse ash  instead of with expensive organoalkoxysilanes .

Moreover, instead of using expensive, health risky supercritical drying in the large-scale production of aerogels, which is

expensive may pose a risk to health, numerous researches have used alternative methods such as ambient pressure ,

freeze drying  and microwave drying . The fabrication of flexible, smokeless, super thermal insulators have been

always a novel objective for humankind. However, Kim, Y.-G., et al.  developed a silica-based aerogel which exhibited

an ultra-low thermal conductivity compared to previous fabrications. Similarly, an unexpansive silica aerogel was

developed from rice husk and incorporated into cement for thermal insulation purposes . The authors observed an

excellent thermal insulation in their aerogels, which may potentially be used as green materials for building applications.

3. Fabrication of Agricultral Carbon Nano-Structured Aerogels

Several polymeric materials can easily form gels when they are suspended in water, such as carrageenan, gelatine, and

starch, etc., but others, such as cellulose and synthetic polymers require a cross-linker for this purpose . However,

aerogels can be simply prepared from both types of materials, with or without the formation of a wet-gel of the material.

The shape of particles can be preservative and fixed during the drying phase either by the formation of wet-gel or by

freezing of the suspension. The fabrication of an aerogel can be initiated by dissolving or dispersing the precursor

material/s in distilled water or any other liquid solvent. The homogenization of precursor materials are required for a non-

solvable material to achieve homogeneous suspension; the solution then requires some time for the aging process to form

a wet-gel . The precursor particles are linked together during the aging process, forming a viscous semi-solid material

known as wet-gel. This material is formed by the network of precursor/s surrounded by the solvent. The next step is to

remove the solvent without shrinking or disturbing the structure of that network. In order to achieve this, the wet-gel is

frozen to keep the structure integrity intact, and then the frozen material is either freeze-dried or supercritical-dried.

Freezing of the wet-gel will result in removing the liquid from the system, leaving the precursor network, which appears as

a porous 3D material known as aerogel . Li et al.  fabricated cocoon-based carbon aerogel by pyrolyzing the initially

prepared aerogel at 800 °C for two hours. The authors were able to achieve a nano-porous structure with excellent

catalytic activity for their carbon aerogel. The porosity, pore size and volume of the aerogel can be determined by the type
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and concentration of the precursor material/s. The fabrication technique and the conditions of preparation also highly

affect the physical, chemical, and mechanical properties of the aerogels.

The preparation techniques of aerogels are divided into two major classes; conventional preparation techniques, which

include those techniques that do not involve computer aid and follow fully manual lab-based routes. Advanced preparation

techniques (rapid prototyping techniques), include those techniques that involve the aid of a computer in the fabrication

process, as described below .

Conventional preparation techniques of aerogels such as supercritical CO  drying, freeze-drying and thermal-induced

phase separation, etc., do not involve any computer aid and are fully controlled by technicians. Since they are fully

manmade materials, these techniques have the drawback of preparing accurate shapes for particular applications.

However, due to their cost effectiveness and simplicity, many of these approaches are still in use even now. These

techniques are associated with several issues, including time consumption and manpower requirements; thus, the past

two decades have witnessed the development in the computer-aided design of aerogels in term of composition ratios and

the final shape of the material. Such fabrication techniques are referred to as rapid prototyping techniques, due to the

ease of preparation compared with traditional techniques. Moreover, using the computer in mixing the precursor material

also helps in determining the optimal combination of each hybrid, in addition to the control of the physical, morphological

and mechanical properties of the aerogels . Table 2 highlights the main differences between traditional and advanced

bioaerogel fabrication techniques.

Table 2. Comparison between conventional and advanced bioaerogel fabrication techniques.

Functionality Conventional Techniques Rapid Prototyping Techniques

Time consuming and computer-aid Consume longer time, without
computer aid Rapid fabrication with computer-aid

Easiness and Manpower requirements Require more manpower Minimize manpower required

Aerogel homogeneity Difficult to obtain homogeneous
structures Easier to obtain homogeneous structures

Accurate controllable properties and
aerogel shape Relatively unspecific Highly specific

Aerogel porosity and pore shape Random and irregular pores
shape Highly regular and interconnected pores

Aerogel toxicity Depending on the technique
(more toxic) Less toxic in some techniques

Production costs More expensive, consume more
materials

Consume minimum materials, generally low
cost of production
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