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Introduction. The production of synthetic dyes and pigments is one of the main 

industries in the fine organic synthesis industry. In recent years, the requirements for 

the quality of manufactured products have increased significantly. 

Of great importance for obtaining high-quality semi-products of organic dyes is 

the drying stage, during which changes in the physicochemical properties and 

chemical structure of the base substance are possible. Therefore, in some cases, drying 

is carried out at relatively low temperatures, in vacuum, in an inert gas flow, etc. All 

three existing options make it possible to obtain a dry product, however, they have a 

number of significant drawbacks. 

In the production of synthetic dyes and intermediates, the final forms are often 

powdery free-flowing materials (for example, arylides: anilide and orthochloroanilide 

of acetoacetic acid; intermediates of the pyrazolone series: paratolyl-3 methyl-5 

pyrazolone, etc.). 

In the chemical industry, the most widely used drying processes are vacuum rake 

and roller belt dryers. However, the use of this equipment often does not give the 

required results, since overheating of the material is allowed, which can lead to 

decomposition of the target substance and a decrease in the concentration in the dried 

intermediate. 
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Material and Methods. The most promising for dispersed intermediates of organic 

dyes with a particle size in the range of 0.2÷0.7 mm is the drying method in a 

vibrofluidized bed; its application would allow to eliminate the disadvantages listed 

above and provide a high speed of the process, the required concentration of the target 

component in the material being dried, and the preservation of the dispersed 

composition due to the absence of particle crushing. 

The mathematical model of the process of drying bulk intermediates of organic 

dyes in a directionally moving vibroaerofluidized bed should include: 

− equations of material and heat balances of the process; 

− dependencies describing the hydrodynamics of a directionally moving 

vibroaerofluidized layer; 

− dependencies describing the kinetics of the actual process of drying 

intermediate products of organic dyes. 

In the production of synthetic dyes and intermediates, often the final forms are 

powdery free-flowing materials. Important in the production of organic synthesis are 

arylides and intermediates of the pyrazolone series. 

The average equivalent particle size, depending on the type of material, ranges 

from 0.295 to 0.83 mm. 

Semi-products of organic dyes decompose at high temperatures and lose their 

properties. There is a so-called limiting drying temperature at which the process of 

changing the properties of the material begins. 

The initial moisture content of semi-products supplied for drying, depending on 

the type of material, varies from 8 to 30%, which is mainly determined by the 

technological processes of separating the solid phase from the suspension. 

The materials to be dried are also characterized by the value of the equilibrium 

moisture content. The value of the equilibrium moisture content of a particular 

material u* will be a function of the temperature of the material, the moisture content 

of the coolant and the operating parameters of the process. The mathematical model of 

the process of drying bulk intermediates of organic dyes in a vibroaerofluidized bed 

should take into account: 

• the presence of longitudinal mixing of the material along the length of the tray; 

• balance character of the drying process in the first period; 

• change in the speed of movement of the material and the coefficient of 

longitudinal mixing, depending on the moisture content of the material. 

The mathematical model should provide a mutual relationship between the 

design, input and output parameters of the process. 

The input parameters are 

• M - is the mass flow rate of an absolutely dry product, kg/s; 

• A - is the oscillation amplitude, m; 

• f - oscillation frequency, Hz; 
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• α and β - are the angles of inclination of the duct and the direction of vibrations, 

deg; 

• Vg - velocity of the blown coolant, m/s; 

• uo and uk -initial and required average final moisture content of the material, 

kg/kg; 

• To - initial temperature of the coolant, oC; 

• Xo -  is the initial moisture content of the coolant, kg/kg; 

The physicochemical properties of the product to be dried must also be taken into 

account, such as 

• ρd – dry material density, kg/m3; 

• cm - is the heat capacity of the material, j/(kg⋅0С); 

• d – material particle diameter, m. 

Design options include 

• dryer tray length – L, m; 

• dryer tray width – b, m. 

The output parameters of the mathematical model of the process of drying bulk 

products in a vibroaerofluidized bed are 

• distribution of temperature, moisture content of the material along the length of 

the apparatus; 

• the value of the average temperature of the waste coolant; 

• mass consumption of coolant for drying; 

• hydraulic resistance of the drying unit. 

Results. Material and heat balance equations for the entire drying unit as a whole 

(1) 

(2) 

where Ig - is the enthalpy of humid air; XK - is the average final moisture content 

of the waste coolant. 

To construct a mathematical description of the drying process of materials, one 

can restrict oneself to the equations of material and heat balances for a one-

dimensional diffusion model, written relative to the average moisture content and 

temperature of the material for each section. 

When using the equations of the diffusion model, it is necessary to take into 

account the fact that the speed of the directional movement of the material Vm and the 

coefficient of diffusion mixing D are dependent on its moisture content and change 

along the length of the dryer according to a certain law. 

To calculate the technological parameters of drying, or to design the optimal 

variant of the vibroaerofluidized bed dryer, it is necessary to use a mathematical 

model of statics, which makes it possible to trace the relationship of the main 

parameters that affect the process in the steady state [1, 2]. 

The steady state is characterized lack of accumulation of matter and energy. 
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Equation of the material balance of the process of drying bulk materials in a 

vibroaerofluidized layer with diffusion mixing 

(3) 

Heat balance equation 

(4) 

Boundary conditions for equations (3-4) are written as 

1) for material balance 

(5) 

2) for heat balance 

 

(6) 

Conclusion. Thus, the material and heat balances of the process of drying semi-

products of organic dyes in a directionally moving vibro-boiling mode in a stationary 

mode will be described by equations with boundary conditions. 

 

REFERENCES: 

 

1. Kafarov V.V. Metodы kibernetiki v ximii i ximicheskoy texnologii / V.V. 

Kafarov // 

M.: Ximiya. - 1971. - 496 s. 

2. Proxorenko N.N. O modelirovanii apparatov s psevdoojijennym sloyem / 

N.N. Proxorenko, S.A. Tixomirov // Teoreticheskiye osnovy ximicheskoy texnologii. - 

1991. – T.25. -№2. – S. 241-246. 

3.  Raschety apparatov kipyashego sloya: Spravochnik / Pod red. I.P. 

Muxlenova, B.S. Sajina, V.F. Frolova. - L.: Ximiya, 1986. 

4.  Yacheyechnaya matematicheskaya model raspredeleniya tverdyx chastits 

v psevdoojijennom sloye / A.V. Ogurtsov, A.V. Mitrofanov, V.A. Ogurtsov, V.E. Mizonov 

// Izv. vuzov. Ximiya i ximicheskaya texnologiya. - 2007. - T. 50. - Vыp. 3. -S. 100-103. 

5. Tsuji Y., Kawaguchi T. and Tanaka T. Discrete Particle Simulation of Two-

Dimensional Fluidized Bed // Powder Technol. 77. - 1993. - РР. 79-87. 

6. Link J., Zeilstra C., Deen N. and Kuipers H. // The Canadian Journal of 

Chemical Engineering. - Vol. 82. - 2004. -РР. 30-36. 

7. Lim ^S., Zhu J.X. and Grace J.R. Hydrodynamics of gas-solid fluidization // 

Int. J. Multiph. Flow 21 (1995). -РР. 141-193. 
  


