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Abstract The present investigation gives a quantitative correlation between different green microstructures, and their sintering behaviour during spark plasma sintering. The green microstructures were elaborated via various green shaping processes such as direct casting and direct coagulation casting compared to uniaxial compaction of the as-received sub-micron grained corundum powder. Narrowing pore size distribution and reducing pore size (≈40 nm) in the green compact could favour cold densification during initial uniaxial pressing by grain sliding and rearrangement. This is attributed to the soft homogeneous touching network in direct-cast green samples. Consequently, grain growth was impeded and the onset of shrinkage was delayed. Moreover, the small pores and the narrow pore size distribution in the homogeneous green bodies led to higher final densities, with better optical properties compared to the less homogeneous green samples. © 2009 Elsevier Ltd. All rights reserved. Keywords: Al2 O3 ; Shaping; Porosity; Spark plasma sintering; Optical properties



1. Introduction Since a few years it has become possible to obtain fine and dense materials using the spark plasma sintering (SPS).1,2 SPS is an emerging consolidation technique which combines pulsed electric currents and uniaxial compaction. Heating rates, applied uniaxial pressures and pulsed current patterns are the main factors responsible for the enhancement of densification kinetics and conservation of the sub-micron-scale structure of the materials.3 Alumina is a common non-conductive ceramic material which has attracted the interest of some researchers in order to establish sintering models of spark plasma sintering technique.4–6 With a high optical band gap energy of 8.8 eV7 corresponding to an absorption edge of ∼140 nm, pure single crystal of a-Al2 O3 is transparent and colourless in the visible spec-
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trum. The presence of pores (refractive index ≈1 versus 1.76 for corundum) is obviously unfavourable for light transmission properties. Thus, polycrystalline alumina (PCA) can be used in various optical applications like discharge lamps envelopes, optical windows or armors with the requirements of very low residual porosity, high temperature stability and durability, high mechanical strength and chemical durability.8 This can be achieved with nearly fully dense PCA of sub-micron grain-size through HIP sintering of gel-casted corundum powders.9 Light transmission properties of fine grained fully dense PCA can be described by a model based on Rayleigh-Gans-Debye approximation. This model proposed by Apetz and van Bruggen10 predicts that high transparencies of PCA can be achieved by an accurate control of the grain size ( 
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