
 

 

 

 

 

Abstract. The process of destruction of plant raw materials is considered from the point of view of the evolution of the interfaces of 

individual structural elements with the further development of cracks on these surfaces. The emergence and development of cracks is 

considered from the point of view of fractal geometry as the formation of a fractional-dimensional layer. The article proposes 

formulas for calculating the specific energy saturation of the dispersed system and the specific surface of soil material using the 

representations of fractal geometry. 
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The task of the theory of vibration grinding is to establish 

the relationship between the fineness of the product 

obtained, physicochemical and mechanical properties, 

energy consumption and the parameters of a vibration 

mill. For the practical use of vibration mills, it is 

important to foresee the technological result of vibration 

impact on plant raw materials of various properties. Plant 

raw materials belong to the category of materials that are 

difficult to grind, since in the bulk they have a low mass 

of solid particles and a strong fibrous structure and 

represent a complex natural structure. 

The main requirement for devices for processing plant 

materials is the preservation of the chemical and physical 

properties of the processed material. Depending on the 

nature of plant material and the nature of its use, specific 

requirements are imposed on grinding, in terms of 

dispersion, purity, preservation, etc. There are two types 

of grinding, depending on the size of the starting material 

and the final product 

- crushing (large - from 1000-200mm to 200-50mm; 

medium - from 250-50mm to 40-10mm; small - from 50-

25mm to 10-1mm); 

- grinding (fine - from 25-3mm to 1-0.4mm; colloidal - 

from 0.2-0.1mm to 0.001mm). 

Vibratory mills are used for ultrafine grinding with a 

particle size of approximately 10 ÷ 0.1 mm to 0.00075-

0.0001 mm.  

In most cases, the task is to obtain the finest powders 

as possible, subject to the limitation of time and energy 

consumption, which leads to the need to study the laws of 

the process of fine and ultrafine grinding. 

The main theoretical result of works [1, 2, 4, 5] on the 

study of the process of grinding plant materials is the 

consideration of various mathematical models (energy 

and probabilistic), which at certain stages quite accurately 

describe the processes under consideration. 

In the energy model, the efficiency of the process 

according to [3] is estimated by the specific energy 

saturation of the dispersed system, accumulated in the 

volume of the ground material, and is expressed by the 

dependence 
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where is – the coefficient of energy absorption by 

the dispersed system during grinding  

(η <1); KV – the volume of the crushed material; 

m − speed of movement of grinding bodies; W− 

kinetic energy of grinding bodies; P − characterizes the 

strength properties of the crushed material. 

In the probabilistic model [2, 5], the dispersion 

characteristics of plant materials are used, which 

characterize both an individual particle and the entire 

ensemble of particles. A particle and its size (linear) and 

shape (volumetric characteristics) are characterized by the 

specific surface of a particle or an ensemble of particles 

÷S . For a non-porous particle of any shape, the 

definition of volume is quite unambiguously determined 

P
V


=  (the ratio of weight to density of the material). 

The volume of the unit is taken as the volume of the space 

bounded by the outer surface. 

The choice of a mathematical model of the powder to 

be ground depends on the goals of the researcher, but in 

each of the models, the calculation of parameters 

( ydE , ÷S  etc.) depends on the volumetric (linear) 

characteristics of particles or an ensemble of particles. 

For a porous particle of plant origin, the concept of 

volume is somewhat modified. A porous particle as an 

aggregate of non-porous particles is modeled with a 

Menger sponge [6,7,8]. Menger's sponge (fig.1) is formed 

as follows. We will assume that an aggregated porous 

particle is a cube with a side length equal to . The side 

of the original cube is divided into k parts, after which 

cubes with an edge X

k
side are removed from the center 

of the cube m . The proportion of the remaining ones is 

calculated and the withdrawal procedure continues 

once ( )n n → , the number( N ) of cubes of the 

scale 
n

X

k

is equal 

3 2 3( 3 2 )nN k km m= − +
.
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Fig.1 

 

Menger sponge volume  
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is the fractal 

dimension of the generalized Menger sponge;  

1D  − fractal dimension of the space occupied by a porous 

particle (Menger sponge)
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In this case, porosity is understood as the total fraction 

of the withdrawn cubes from the original cube of 

volume 3X . Note that the term "fractal" was introduced 

into scientific consideration by the fundamental works of 

mathematician Benoit Mandelbrot in the mid-70s of the 

last century when describing the shape of complex natural 

structures. 

It is known that [1,4,5] finely dispersed material 

aggregates, and the particles of the crushed material are 

collected in aggregates that behave as a whole (particle). 

In a chemical or sorption process, the inner surface of the 

aggregates takes part in this process, and a particle in this 

case is only a part of the solid material, limited by the 

liquid or gaseous phase. 

An aggregated particle can consist of particles of 

dissimilar materials, which disintegrate only with 

sufficient mechanical or other type of action. Using the 

concept of fractal [8], you can build more realistic models 

of porous systems. 

The direct and most used methods of analysis of 

variance include sieve analysis. Granulometric 

composition is the most complete dispersed characteristic 

of a powder; however, for practical purposes, the specific 

surface area ÷S is more convenient. 

The specific surface area of a particle is the ratio of its 

total surface area or external surface area (for aggregates) 

to its weight. Characterization of non-porous particles 

with linear dimensions (diameter) is possible only if they 

are geometrically correct particles (ball, cube). For porous 

particles, the linear size can also be introduced using 

fractal geometry (analogue of the Koch curve) [6,8] 

ln4( 1)3 1,26
ln3

n DX X Dj
−=  =                                     (2) 

The dispersion of the powder [1,2,5] is the 

characteristic of the size (shape) of the particles making 

up the powder. If the particle is porous, then the concept 

of surface area for it can also be introduced using fractals 
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where n – is the number of pores; the classic Menger 

sponge corresponds 3, 1k m= = to i.e. the case of a small 

fraction of pores in this case 1,26D . 

With the help of the considered concepts, let us clarify 

the most common formula for determining the specific 

surface [1,2,5] 

k(t)
S(t) =

(t) X(t)
                                                             (4) 

where k − is the coefficient equal to the ratio of the 

surface area to the volume of the particle;
 

(t)  − bulk 

weight; X(t) − is the average particle size per unit 

weight. 

For ideal powder particles having the shape of a cube 

(ball) according to [1,2] 6

X
k =

 
where X is the length of the edge of a cubic particle. 

However, powder particles rarely approach the shape 

of a cube (ball), so the value of the coefficient is 

determined experimentally and depends on the size of the 

particles and the material being ground. So according to 

[1.5] for particles with size − X(t) ì êí1000 -

k = 4 8 ; X(t) ì êí 100  - k .= 1 5 2 . 

In this calculation of the coefficient, the presence of 

internal surfaces in cracks and fractures of particles is not 

taken into account, which significantly affects the value 

of the specific surface. Taking into account formula (2), 

to calculate the coefficient k , we can propose the 

formula 

k
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The value of the coefficient k can be further specified 

using formulas (1), (3). 

In this case, the value of the coefficient j

j

S
k

V
=  equal 

to the ratio of the surface area to the volume of the 

particle is proposed to be calculated by the formula 
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where n  − is the number of pores.  

The formula for calculating the specific surface area of 

plant materials takes the  

n(D ) n D

S(t)=
(t) X X t)

− − 
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1
2 1

3                                           (7) 

In the energy model, the process efficiency formula 

takes the form 

m
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Thus, the use of the concept of fractal allows one to 
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build more realistic models of porous systems; more 

accurately determine the parameters of processed plant 

materials in various mathematical models. 
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