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Abstract. The paper presents a theoretical one-dimensional model of the dynamics of 

adsorption in a fixed layer, taking into account the first-order chemical reaction. The general 

case is considered when the resistance to mass transfer is concentrated both in the external and 

internal phases. 

1.  Equilibrium in sorption processing 

Sorption treatment of wastewater is most rational if they contain predominantly aromatic compounds, 

nonelectrolytes or weak electrolytes, dyes, unsaturated compounds or hydrophobic (for example, 

containing chlorine or nitro groups) aliphatic compounds. If only inorganic compounds are contained 

in water, as well as lower monohydric alcohols, this method is not applicable. 

Between the amounts of the substance adsorbed by the sorbent and remaining in the solution, in 

dilute solutions a equilibrium occurs, that obeys the law of distribution, according to which both 

longitudinal mixing and the flow of substance are simultaneously taken into account due to a chemical 

reaction (a negative source of substance) [1, 2]. 
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Here A and B are constants, ),x(Ca  is a concentration of the adsorbed substance in the sorbent in 

the cross section x at a particular time ; ),x(C  is a concentration of adsorbent in the flow at a 

distance x at a particular time ;W is a flow rate; K is a mass transfer coefficient; cK is a reaction rate 

constant;
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is a coefficient;  is a fraction of the free section of the adsorbent (a volume-

constant porosity of the fixed layer); *C is a concentration of the target component in the equilibrium 

flow with an average content of the adsorbent aC in the layer; LD is a coefficient of the longitudinal 

diffusion (mixing). 

The first two terms on the left-hand side of equation (1) are the rate of change in the mass of the 

target component in the gaps between the particles and inside the particles, respectively. The third 

term corresponds to the increment in the mass of the target component due to convective transport 
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with the flow. The first and second terms on the right-hand side (1) take into account the change in the 

mass of the target component due to molecular diffusion (longitudinal mixing) and the behavior of the 

chemical reaction, respectively. 

In the initial section of the fixed layer at an arbitrary moment of time the concentration of the 

target component is constant and equal to 0C , since in (1) the second derivative of the concentration in 

time is presented, owing to the account of longitudinal mixing [3]. 

The driving force of the processes under consideration is the difference between the working 

(excess) pressure over the initial solution and the osmotic pressure of the solution. The most promising 

are reverse osmosis and ultrafiltration in local wastewater treatment systems with their small 

expenditures for concentrating and isolating the relatively valuable components and water purification. 

For example, purification of wastewater, generated during metalworking, etching, painting, plating 

from toxic substances such as cyanides, chromium, nickel, copper, zinc and others, which can also be 

regenerated [4]. 

2.  Calculation of longitudinal mixing of adsorbent in a fixed layer with account of surface 

friction 

Transformations (2) with due account allow to write down the following: 
















2

2

x

),x(C
D

x

),x(C
W

),x(C
L






),,(

),(
),( 


 xCK

A

B

A

xC
xCK a 








  

,,x  00     (3) 

,
A

B

A

),x(C
),x(CK

),x(C aa












 





.,x  00   (4) 

Unlike microfiltration and ultrafiltration, impurities trapped in the reverse osmosis process have 

dimensions at the level of molecules, associates, ions, acid residues.  

The value of the flow passing through the reverse osmosis membrane is just as important as its 

selectivity with respect to various types of dissolved substance. One of the reasons for the formation of 

the surface layer is the special nature of material loading under friction. The main distinguishing 

feature of the friction process is the discrete, stochastic character of the frictional contact interaction 

[5]. This type of interaction for surfaces that come into contact for the first time is due to an initially 

imperfect surface relief. In the case of interaction of the used surfaces it is due to the presence of a 

microrelief (equilibrium roughness), formed on the surfaces in the process of friction [3]. In the 

proposed model, the material is represented by a set of N elements representing power centers and 

having the ability of translational motion. The viscous force of interaction between two elements (the 

concentration of substance C from the time of separation )  is determined by the relative speed of 

motion of the elements and is directed opposite to the vector of this velocity [4]. 
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For each material layer, you can define properties different from those of the other layers, so 

different pairs of layers can have different characteristics. This approach allows you to design a 

microelevation from several materials with different properties, thereby modeling the material with 

coatings. 

The result of solving the temperature problem and, consequently, the behavior of the friction 

system as a whole is strongly influenced by the choice of the boundary conditions [5]. 
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