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Abstract 

The sustainable buildings can be defined as efficient buildings from the point of view of maintenance and operation 

costs, and of which value increases in time, through positive impact on the natural and social environment. The aim 

of rendering buildings sustainable can be achieved only by the production of new advanced materials, and by using 

them, especially at the glass surfaces, for more resistant envelopes at different external actions which may increase 

considerably the durability period of a building and may increase the energy efficiency through a high level thermal 

insulation. This paper, aims to explore the possibility of the use of Aerogels as a building material with reference to 

its chemical, physical characteristics and performance. The paper presents also an analytical application 

demonstrates that it is supposed to be an expensive method initially but is more advantageous, considering the low 

costs afterwards, mainly, because of reduced energy consumption. It talks about chemical adaptation of Aerogels for 

optical applications, chemical adaptation of Aerogels to thermal insulation and its various applications in Building 

Industry. 
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1. Introduction 

Aerogels are coherent, porous solids made by the formation of a colloidal gel followed by removal of the liquid from 

within the pores of the gel. They are usually of very low density, can he made in large pieces (monolithic structure), 

and can also be transparent. Aerogels had little practical value until 1974, when Cantin et al. reported on the use of 

silica aerogels as detectors in Cerenkov radiation. All materials that can be synthesized as wet gels by the sol-gel 

process can be dried by the supercritical method to obtain aerogels. New properties based upon the very open texture 

of these materials make them outstanding for some applications. Iinorganic gels, that is to say mostly oxides, 

independent solid colloidal particles (i.e., nano-particles with a size below a micrometer) are often formed, in a first 

step of the process. Each colloidal particle has a more or less densely cross linked internal structure. It is usually easy 

to maintain such particles in a dispersed state in the solvent, in which case a colloidal suspension also termed a sol is 

obtained. In th e second step, these colloidal particles can be made to link with each other, while they are still in the 

solvent, so as to build a three-dimensional open grid, termed a gel . The transformation of a sol to a gel constitutes 

the gelation process, and the gels which are obtained are then termed colloidal gels. On the other hand, it is also quite 

possible to directly 

form some gels from rather linear polymer formed  occurrence of individual particles. When this occurs, the gels are 

termed polymeric gels. 

1.1 Historical Background 

Aerogel was created by Steven Kistler in 1931 and it has become a material of interest to scientists in recent decades 

due to its light weight.  Aerogel is a synthetic porous ultra light material derived from a gel, in which the liquid 

component of the gel has been replaced with a gas. It is an advanced material which holds 15 entries in the Guinness 

Book of Records for properties such as lowest density solid and best insulator. It is a silica-based substance, 

consisting of a loose dendritic network of the atom silicon.    
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1.2 Production of  Aerogels: Preparation : Aerogels can be prepared by using Alumina, Chromium, Tin oxide and 

Carbon.  But apart from these materials used for making of aerogel, silica based aerogel is preparation is easier and 

reliable.  

 

Figure. 1. Aerogel preparation method 
4 to 30 times more water is added to Tetraethylorthosilicate (TEOS) in the presence of ethanol it leads to the further 

chemical reaction 

Si (OCH2CH3) 4 (liq.) + 2(H2O) (liq.) → SiO2 (solid) + 4(HOCH2CH3) (liq.) 

Final product density is mainly depends on the concentration of silicon alkoxide monomers in the solution. After 

gelification, the gel is left undisturbed in the solvent for 48 hours to complete the reaction. Once reaction will 

complete the alcogel product will form. Inorganic aerogels can be prepared via sol-gel processing, a technique which 

requires alcoxides or metal salts in alcoholic or aqueous solutions. The alcogel is then submitted to supercritical 

drying.  The final products formed in this reaction are: 

• Aerogel 

• Xerogel 

After mixing, a dispersion of colloidal particles is generated (hydrolysis and condensation polymerisation) which 

form a three-dimensional network (gelation). The particle size depends on the catalyst and varies between nanometer 

and micrometer scale. After the gelation process the enclosed pore liquid has to be carefully removed to preserve the 

nanostructure of the aerogel 

2.  Cellulosic aerogels 

 Aerogels, materials with extreme porosity and very low bulk density, can be made using the so called 'Critical Point 

Drying'- technique.In a recent study aerogels were prepared from cellulose, xylan, lignin, their mixtures and from 

spruce wood. The procedure was: 

• Dissolution of the lignocellulose material in an ionic liquid. 

• Creating a hydrogel by precipitating the dissolved polymeric material 

with aqueous ethanol. 

• Exchanging the aqueous precipitant to pure ethanol. 

• Exchanging ethanol to liquid carbon dioxide. 

• Increasing the temperature to above the Tc of carbon dioxide . 

• Releasing the pressure slowly to obtaing the aerogel material. 
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Figure 2. lignocelulose Aerogel. 

2.1  Carbon aerogels: 

• Carbon aerogels provide high specific surface areas combined with a fully tunable three-dimensional 

structure. 

• They have tunable performance for specific applications by the addition of dopants that can enhance the 

electrical, thermal, and mechanical properties of the composite material. 

• They are excellent thermal insulators because their gaseous components greatly reduces heat transfer by 

conduction, convection, and radiation. 

• They improve electric double-layer super capacitors—very low impedance compared to conventional supe 

rcapacitors, yet can absorb or produce very high peak currents.  

3 Potential Applications 

• Energy storage in batteries and super capacitors are an ideal use of carbon aerogels. Tunable porosities can 

be used to minimize diffusion resistance while maintaining constant surface area. 

• Hydrogen generated from water by solar energy, and electric energy from sustainable sources, are 

anticipated fuels of the future. These technologies incorporate CAs as functional nano materials. 

• CAs as nano catalysts can assist in electro-catalysis as electrode materials and by providing catalyst support 

in proton-exchange-membrane fuel cells. 

• CAs offer considerable potential to significantly improve desalination efficiency through a technique known 

as capacitive deionization. This can increase the world's fresh water supply through capacitive desalination 

of sea water and brackish water. 

• CAs are extremely "black" in the infrared, making them efficient in solar-energy collectors.  

4. Properties of Aerogel : They possesses following properties:  

• Low thermal conductivity 

• Hardness 

• Heat resistance 

• Transparency 

• Elasticity 

• Insulation 
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• Durability  

• Flexibility 

The aerogels made from pure cellulose, cellulose-lignin or -xylane mixtures or from spruce wood had open pore 

structures and were brittle. The aerogels had bulk densities as low as 25 g / litre and BET areas up to 500 m2/ g. The 

preparation of Lignocellulosic Aerogels from Ionic Liquid Solutions, Carbohydrate Polymers. 

5. Chemical Adaptation of Aerogels for Optical Applications 

Silica aerogels are extremely porous materials which can be made transparent. Optical applications depend on their 

homogeneity. A second type of application is that silica aerogels can entrap all kinds of molecules or dopants with 

special fluorescent properties. A third group of applications combines both properties of transparency and thermal 

insulation and was described in the previous section. Aerogels in Cherenkov Counters: Low-refractive-index silica 

aerogel constitutes a convenient medium for the Cherenkov counters, which are used for electrically charged particle 

identification in high-energy physics experiments. This is, also, tied to a major problem of cosmology, which 

requires the identification of anti-matter and matter particles in the cosmic rays. The principle of Cherenkov counters 

rests on the fact that electrically charged elementary particles, which travel across the radiator medium with a 

velocity “v” higher than the velocity of light “c” in this medium, they emit a light. An analysis of this light can 

therefore be used to derive the velocity of a particle and hence its nature. 

5.1 Luminescent Arogels : Photoluminescent materials based on silica aerogels can be made by encapsulation of 

various photoluminescent dopants during the gelation process.  

Electrical Applications 

• Batteries 

• Capacitor Electrodes 

• Dielectric Materials 

• Piezoelectric Materials 

Aerogels as Additives or Encapsulation Medium 

Chemical Applications 

Aerogel particles can be used as filler of other materials, to provide them with some hardness, resistance to wear, or 

some thickening characteristics. Aerogels can be used as carriers of diverse components, for instance pigments. In 

pharmacy and agriculture, where many applications require a progressive release of active agents, aerogel particles 

can operate as nanovessels to carry substances as diverse as fungicides, herbicides, pesticides.  

Silica Aerogels for Nuclear Waste Storage 

Silica aerogels are chemically very stable with time on stream and possess a very large porous volume per cm3. They 

can easily be converted into vitreous silica after a low temperature (at about 1000 °C) and short heat treatment. 

Mechanical Applications  

A distinctive characteristic of silica aerogels is that they are extremely light, brittle materials, yet sufficiently strong 

to be handled. Their compressive strength, tensile strength, and elastic modulus are very low, and they largely 

depend on the network connectedness and aerogel density. Indeed, as previously mentioned, a gel can however be 

aged in alkoxide solutions to chemically stiffen its network, especially the necks between colloidal particles. 

Aerogels for Inertial Confinement Fusion (ICF) Borate, organic, and carbon aerogels were used for some time in 

inertial confinement fusion experiments 

(ICF) as target microspheres containing the fuel.193 These aerogels were stable to radiation and could be wetted by 

deuterium and tritium.  

Application of Aerogels in Catalysis 

Sol-gels have characteristics which make them good materials for applications in catalysis,.  Catalytic reactions can 

be of the redox or of the acid-base type.  

6. Use of Aerogel for Sustainable Building Construction. 

Roof : Aerogel insulation can insulate roof cavities or be used to reduce thermal bridging in roof rafters. It can be 

used for highly insulated homes that are sealed from the outside, both over masonry and under 

shingles and it has high insulatin value. In ood frame homes, thin strips of aerogel can be applied 
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to studs to prevent what’s called thermal bridging, where heat escapes through the walls’ 

framing. 
Aspen provides this chart for for the R-value-philes (Spaceloft being Aspen’s brand name for 
their building insulation aerogel): 

 

 
   

Figure 3. R-value of Aerogel. 

Framing : In a typical building, the framing (25% of the building envelope) is un-insulated, resulting in heat loss 

through the studs. The insulation stops this "thermal bridging" and improves thermal performance up to 40% in steel 

studs and up to 15% in wood studs. 

The development of the super insulating glazing would lead to significant energy savings in both existing and new 

residential and commercial buildings. The light transmittance and U-value of aerogel-glazed windows, ∼40% and 

0.85 W/m2K, respectively, present new opportunities for the use of day lighting in buildings and the architectural 

design of building façades. In addition to glazing, aerogels have also been used in solar collector covers. 

Floor : Aerogel insulation's thermal efficiency, good compression strength, and thin profile make it attractive as an 

under floor insulating layer where height is an issue. It installs fast in under floor applications without disrupting 

door fittings, while providing substantial energy savings.   Aerogel insulation is a fast, cost-effective solution for 

basement renovations,  easy to install, improves thermal comfort, and does not disrupt door fittings because it is so 

thin. It installs quickly and can improve the thermal comfort of a house. If used with radiant floors it saves energy 

and enables a fast heating cycle. 

Aerogel as a Super-insulator: Aerogel is a transparent material with interesting optical properties, such as high light 

and solar transmittance but, differently from the normally used transparent materials such as glass, it has also very 

good thermal insulation properties; it is in fact used as transparent wall in solar collectors and in office buildings. 

Aerogel is available as panes and as granules. Glazing systems with monolithic aerogel are not yet used in mass 

production , but during the year 2005 many types of translucent granular aerogel appeared on the market for day 

lighting systems  . The different systems found in the Literature polycarbonate panels, structural panels, insulated 

glasses) are able to offer excellent thermal performance, high quality of the diffused light, a good solar heat gain and 

good sound insulation characteristics. One of the most important examples of aerogel uses to date is the application 

of silica aerogels as super insulation. An inch-thick pane of a low-density silica aerogel is as effective of an insulator 

as a stack of 30 panes of window glass, and thanks in part to this impressive insulating ability, the electronics on the 

twin Mars Exploration Rovers have managed to survive the extreme thermal cycling experienced on Mars (from -

140°C to 20°C) well beyond design lifetime. Aspen Aerogels has even recently commercialized a family of super-

insulating blankets based on silica aerogel for terrestrial use. One major advantage to silica aerogel as a terrestrial 

thermal insulation is the enhanced energy efficiency it can bring to industrial plants. Energy-intensive refineries, for 

example, predominantly use mineral wool as an insulating medium. Silica aerogel materials are now poised to 

displace mineral wool as a superior insulation in the next decade, resulting in greater efficiency that translates into 

reduced emissions in what amounts to 15% of all industrial CO2 emissions in the United States. Furthermore, unlike 
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polyurethane and polystyrene insulations, no chlorofluorocarbon (CFC) blowing agents are required to manufacture 

aerogel insulation. 

7. Highly energy-efficient windows: 

In addition to the low thermal conductivity of silica aerogel, a high solar energy and daylight transmittance is 

achieved. In fact, by using the passive solar energy through windows, it is possible to reduce the annual energy 

consumption for space-heating in cold climates, such as in the northern European Countries or in highlands.  

Double-pane windows, sealed sandwiches of glass with rarefied gas like Ar or Kr trapped inside, are a way to 

address this problem, however lose their insulating ability over the course of about 10 years. It has been proposed 

that silica aerogel, which is usually transparent, could be a revolutionary window insulation material. Unfortunately, 

due to nanostructural variations in the aerogel’s substructure, silica aerogels Rayleigh scatter the short wavelengths 

of visible light, which makes them appear blue. For practical commercial applications in windows, this effect would 

need to be significantly reduced, and in order to do so, a better understanding of the origins of these nano-structural 

variations and how to control them must be established. 

8.Conclusion: 

The unique properties of aerogels offer many new applications in buildings. The extraordinary low thermal 

insulation and optical transparency of aerogels allow its applications in window panes and solar collector covers. 

Due to their low thermal conductivity and acoustic property for noise abatement, aerogels could be used in buildings, 

as well as for adsorption and catalysis in indoor air purification, photocatalysis in environmental clean-up, non-

combustibility (inorganic aerogels) in fire retardation boards in kitchens. Aerogel materials may also be applied to a 

building's walls, attics, grounds and appliances. The unusual properties of aerogels open the way to a new range of 

opportunities for their application in buildings. Their main benefits include excellent insulating properties provide 

energy and cost savings due to reduced loss of heated or conditioned indoor air, healthier indoor environment due to 

removal of airborne contaminants, heat- and sound-retarding properties due to the non-combustibility and acoustic 

properties of the aerogel. Above all they are user-friendly, recyclable and reusable. 
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