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Abstract: Porous materials have been widely used because of their important applications: 

biomaterials, filtering and purifications systems, acoustic and thermal insulation, building 

constructions, transportation, communications, aeronautical applications, etc. To explain the 

formation mechanism of the porous structure materials, a multi-scale mathematical model for 

diffusion coupling with dissolution and crystallization is proposed in which the chemical potential 

gradient   is used as the driving force to avoid the discontinuity of the kinetics equations in 

the micro-channels. Meanwhile, porous structured KCl with a pore size of 10-50 microns is 

produced from the fractional crystallization of carnallite, and the dissolution kinetics of KCl at 

298.15 K is measured with ion selective electrode to determine the dissolution rate constant  

by the statistical rate theory. The investigation for the fractional crystallization process of 

carnallite shows that, to have an accurate 

dk

  of KCl, in the channel width of or narrower than 

2.0×10-6 m, it is enough to consider the diffusion only, while in the channel width of or wider than 

2.0×10-5 m, diffusion should be coupled with reaction. The investigation also shows the vital of 

the consideration of the ionic activity coefficient for the investigated systems in micron scales. 

Moreover, the process simulation for the synthesis of mesoporous TiO2 reveals the formation 

mechanism of the porous structures in the inorganic material fabrication. This will provide a 

reference for the regular and ordered porous structure formation in the advanced material 

synthesis.  
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Fig. 1. SEM images of samples in different aqueous solution 
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Fig.2. Schematic diagram of the reaction process for carnallite in pure water, KCl solution and 

MgCl2 solution and the crystal morphology evolution 

 


