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The dissolution of a stationary set layer of a granular material was investigated. The method of 

experimental research of dissolution was presented, the coefficient of mass deducing, the value of which 

was used during the analysis of dissolution of the layer, was determined. The change in concentration 

over the height of the layer, depending on the time, was theoretically determined. 
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The dissolution of solid substances in industry is realized by various methods: dissolution 

in a device with mechanical or pneumatic mixing, in devices with a fluidized bed of granular 

material, in auger solvents and devices with set and moving solid phase. The latter method is 

called dissolution in the stationary layer, through which the liquid phase is filtered. The 

dissolution of solid substances by filtration through a layer of granular material is realized in the 

natural environment during precipitation. Water with dissolved salt in it is collected in 

underground storage facilities and is used for water supply needs of the population. The 

mathematical models of dissolution presented in the literature refer to stationary or quasi-

stationary processes in a layer of granular material. In reality, the initial stage of dissolution is 

always non-stationary and the nature of the change in the size of the particles over the height 

does not correspond to the stationary dissolution process. 

Experimental researches in a layer were conducted in a glass column, which in the bottom 

part contains a grid, which was filled with a fraction of sodium chloride salt. Distilled water was 

supplied from above and its flow was regulated by a crane. After passing the column, the liquid 

was collected in a measuring cup. In the first series of experiments, the coefficient of mass 

deducing during the dissolution of a solid substance in the stationary layer was experimentally 

determined and its comparison with the theoretical values calculated according to the criterion 

equations was carried out. The value of the coefficient of mass deducing β was determined 

according to the dependence representing the averaged value on the height of the layer, and was 

equated to the theoretical value determined according to the criterion equations. The determined 

value of the coefficient of mass deducing on the basis of experimental data is 1,34·10
-5

 m/s, and 

the theoretical - 2,12·10
-5

 m/s, which is explained by the fact that the particles that are in the 

layer contact with each other and this surface does not take part in mass transfer. 

The calculation of non-stationary dissolution of the stationary layer is presented. The 

height of the layer was divided into separate layers, each of which was equal to the initial 

diameter of the salt particles. The initial condition was the zero concentration of liquid entering 

the upper layer of the granular material. The kinetics equation of the dissolution was used and 

the time of complete dissolution of the upper layer of particles TS was determined. 

Dividing the mass on the volume of the liquid, which contacts with the first layer, we 

determine the average concentration that leaves the first layer and is the initial concentration for 

the second layer с1. For any i-th layer, which is multiple to the initial particle diameter, the time 

of its complete dissolution i  will be greater than the TS due to the reduction of impellent of the 

process. 



Graphical dependence of the relative diameter of solid particles on the height of the layer is 

presented. Altitude is measured on top of the device. The calculation data are given for the time 

of complete dissolution of the upper layer, which for the conditions of the experiment is 322 

seconds. 
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