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Aerogels, an ultra-light open-porous materials have gained great attention due to its versatile applications in different fields such; aeronautics, energy conversation, biomedicine, drug delivery, environmental, food and many others. The hierarchical structure of the aerogels produces many unique properties that are favorable for many applications, such properties including: high porosities, low thermal conductivity, very low density (as low as 0.002 g/cm3), high surface areas, and the lowest speed of sound through a solid materials. Despite the attractive properties of aerogel, their inherent fragility and sensitivity to moisture limited their applications especially at high temperatures. Many techniques have been used to enhance the mechanical properties of aerogels without sacrificing their porosities. In this research, aluminum oxide nanofibers fabricated using the electrospinning method are used as a reinforcing material of silica aerogels.3D structured aerogel composite is successfully fabricated using sol-gel method combined with supercritical CO2 drying. The aerogel is reinforced with alumina nanofibers fabricated using the electrospinning method. The nanofibers are incorporated into the aerogel structure by dispersing them into the sol prior to gel formation. The final structure is obtained by drying the gel using super critical CO2 for solvent exchange. The aerogel composite is characterized using thermal conductivity, surface area analysis and mechanical properties evaluation. The aerogel showed remarkable enhancement in their mechanical properties including compression and bending strength without reduction in their surface area. The fabricated material is evaluated a candidate for volumetric solar receiver applications.

EXPERIMENTAL STUDY

Aluminum oxide nanofibers are synthesized via electrospinning method. A green fiber of PVP loaded with aluminum acetate is spun using 1kV/cm charge difference at a flow rate of 1 ml/h. The as spun fibers are then heat calcined at high temperatures to evaporate the polymer and transform the crystal structure of alumina. 

To form the aerogel, the silica precursor (TEOS) is hydrated with deionized water in the presence of aciic catalyst to obtain a 3-d network hydrogel structure. After the gel is aged, the solvent is removed using supercritical fluid extraction. The nanofibers are incorporated into the aerogel structure at the precursor mixing step. The amount of nanofibers are calculated based on weight ratio of dried aerogel.   

RESULTS AND DISCUSSION

SEM image of aluminum oxide nanofibers fabricated using the electrospinning method is shown in Fig. 1 (left). XRD analysis confirmed the formation of pure alpha alumina phase structure. The nanofiber modified aerogel is characterized using SEM (Fig. 1 (right)), surface area analysis, TGA, DSC, thermal conductivity and compression strength. A significant increase in compression strength and moisture resistance is observed in the modified aerogels without noticeable reduction in their thermal conductivity and surface area.    
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Fig.1: SEM images of electrospun alumina nanofibers (left) and silica aerogel (right). 
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