Structure and mechanical properties of nanoporous sodium borosilicate glass
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Porous glasses are of technological interest because of their capability to interact with atoms at surfaces as well as in the bulk [1]. However, there is a lack of data concerning the mechanical properties which are relevant for technological processing. The incorporation of porosity into brittle glasses leads to a severe degradation of the strength. The interfacial fracture energy, Gc, of nanoporous glass films can be significantly increased with increasing glass porosity by controlled decomposition of porogens [2]. 

The bulk sodium borosilicate glass (BG) was prepared from H3BO3, Na2CO3 and SiO2 reagents mixed in appropriate proportion taking into account mass losses due to the dehydration of SiO2. The chemical composition of the glass was 18.1Na2O·16.9B2O3 ·65SiO2  (mol. %). The preparation of porous sodium borosilicate glass (NPG) of 0.2Na2O·3.8B2O3·96SiO2 (mol %) composition was described in detail in Ref. [3]. The porous sample exhibiting average pore diameters of ~ 5 nm (for details cf. [4]) has been produced from initial bulk glass of 8Na2O·22B2O3·70SiO2 (mol %) composition by acid leaching of the chemical unstable phase components of the phase-separated sodium borosilicate glasses. 
The present study revealed the essential effect pores can have on the hardness and elastic modulus. From the order-of-magnitude reduction of hardness we may conclude, that collapse of pores on the one hand and shearing of grains on the other should be the rate-controlling mechanisms with nanoindentation. The porous material in the plastic zone is less constrained by its surroundings than in the dense solid. It has been shown by [5] that, for relative densities less than ~ 30%, the hardness H approaches the plastic collapse strength of the pores (pl according to H ( (pl , i.e. the indentation test then resembles a uniaxial compression. Our result for sodium borosilicate NPG is (pl = 0.3-0.5 GPa. For bulk material one expects H ( 3(pl [6]. The reduced Young’s modulus, Er , was also found subjected to a dramatic decrease of more than an order of magnitude due to the presence of pores (~82 GPa and ~ 5 GPa for bulk and porous glass, respectively). This agrees qualitatively with the dependence of Er on porosity as predicted by a model of [7] .Another important difference between the behaviour of NPG and BG was the absence of cracks at microindents in NPG. Obviously, microcracks are prevented from running through the glass by the numerous pores. This may facilitate the application of nanoporous material in nanotechnology. 

The X-ray experimental study of a c(r) correlation function for two glasses shows that the molecular structure of silicate and borosilicate glasses is practically the same for NPG and BG glasses in a wide range of a chemical compositions. The comparison of experimental (glasses) and theoretical (crystals) interatomic distances r in the range of r = 0 – 5 Å demonstrated that the molecular structure is goverened by TO4 (T = Si, B) tetrahedra. 
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