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Abstract

This paper is devoted to the study of grinding kinetics and the use of surfactants in the grinding
process. Wet grinding, as a key technology in the mining, metallurgy and construction industries,
demonstrates advantages over dry grinding, in particular, by reducing the strength of materials and
improving grinding conditions due to the interaction of particles with a liquid medium.

The study emphasizes the importance of choosing adequate technologies and additives to
improve productivity and quality of the final product. The results of the work open up prospects for
further research aimed at creating more efficient grinding technologies that contribute to the sustainable
development of various production processes.

Keywords. Wet grinding, strength, mill, grinding kinetics, grinding, fraction, damping
character, ball mill, energy.

1. Introduction

The grinding process plays a key role in various industries, including mining, metallurgy and
construction. The efficiency of grinding materials depends on many factors, one of which is the chosen
grinding method. In particular, wet grinding is an important technology that can significantly improve
the results compared to dry grinding.

During wet milling, particles interact with a liquid medium, which helps reduce the strength of
the material and facilitates the grinding process. The use of surfactants in wet milling opens up
additional opportunities for optimizing this process. Surfactants not only reduce the strength of the
particles, but also help to more effectively separate them from the mill, which ultimately increases the
productivity and quality of the final product.

The kinetics of the wet milling process in ball mills is described by the Kolmogorov equation,
which reflects the dependence of the coarse fraction content on time. This process has a fading nature,
which is associated with changes in the mechanical properties of the material and the interaction of
particles during the grinding process. Introduction into the details of these changes, as well as into the
mechanisms of action of surfactants, allows a deeper understanding of the nature of wet milling and its
advantages

2. Methods

Thus, the study of wet milling kinetics and the role of surfactants is a relevant area in the field
of grinding technology, which helps to improve the efficiency of production processes. This study will
consider the mechanism of action of surfactants, the effect of their concentration on the grinding
process, as well as the main factors determining the efficiency of wet grinding compared to dry grinding.

The process of wet fine grinding in a ball mill has a fading nature. The kinetics of grinding in a
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periodic ball mill is described by the Kolmogorov equation [1]:
Ry = Rg"™, (1)

where R — content of large fraction after time t from the start of grinding, %; R o — content of large
fraction in the source material, %; k — the grinding rate constant (characterizes the relative grinding
rate) — the ratio of the number of particles of a large fraction ground per unit of time to the total number
of particles of this fraction in the mill at a given moment in time.

If the relative rate of grinding does not change m = 1 if m increases more than 1, if it decreases -
less than 1. In the process of real grinding m decreases for the following reasons:

1) As the material is crushed, it becomes less and less defective, so it becomes stronger;

2) fine material acts as a shock absorber, so the ground material must be removed immediately
from the grinding environment;

3) as a result of the increase in internal energy, finely dispersed particles under the mechanical
action of grinding bodies after reaching a certain state stop being ground, the reverse process is observed
- the formation of fairly strong conglomerates of particles, their adhesion under the action of adhesive
forces. This is a manifestation of the system's desire to resist external influence and reduce the level of
internal energy, since during aggregation, partial compensation of free chemical bonds of surface atoms
(ions) occurs.
grindability coefficient is used as a technical characteristic of the degree of grinding :

M=gy/9, 2)

where g ,, — mill productivity for a given material ; g . — mill performance according to the reference
sample.

According to the grinding method, mills are classified into dry and wet mills. According to the
nature of the work, two grinding methods are distinguished: open-loop and closed-loop. When grinding
in an open loop, the material is not discharged from the mill until its granulometric composition
corresponds to the specified one. When grinding in a closed loop, the product leaving the mill is divided
into two parts. One part, consisting of particles larger than the specified size, is returned to the mill for
re-grinding, the other part, corresponding to the specified grinding fineness, is removed from the
grinding cycle.

The powder is always heated during the grinding process. To prevent excessive heating of the
mills themselves, they are cooled ( aspirated or water cooling of the mill casing is provided in the mill
design). Fine grinding of fine- grained masses and powders is currently carried out mainly in ball and
vibration mills. The main advantage of vibration mills is a significant reduction in the time of grinding
powders to achieve equal dispersion and the possibility of obtaining finer powders compared to grinding
in ball mills.

3. Results and Discussion

During dry milling, strong heating of the material being ground is observed (up to 200 ~C and
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higher), as well as desorption of water molecules from the surface of the grains and amorphization of
the surface layers of the grains to a depth of 15-16 nm .

During milling, a liquid medium is used - water and additives - surfactants that act as hardness
reducers . In this case, two processes occur simultaneously:

* reducers , being absorbed by solid particles, cause a decrease in their elastic limits,
fluidity and strength and thereby facilitate grinding;

* liquid, penetrating into the microcracks of the pre- fracture zone - , exerts wedging
pressure on the crack walls.

Water molecules, penetrating into microcracks, prevent the reverse closure ( cohesion ) of the
bonds between lattice nodes during temporary removal of the load, thereby reducing the likelihood of
self-healing of cracks and energy costs for this unproductive stage.

Surfactants are substances of organic nature capable of selective adsorption on the surface of
grains of a solid body with the displacement of the adhesive film of water previously bound to it. Such
surfactants are fatty acids with sufficiently large hydrocarbon radicals, salts of fatty acids (soaps),
sulfonic acids and their salts, alcohols, amines, etc. Surfactant molecules have a larger dipole moment
than water molecules and, consequently, a greater affinity for the surface of a solid body. When these
molecules are adsorbed, the surface energy of the particles of a solid body decreases more than when
water molecules are adsorbed. It has been experimentally established that for each milling accelerator
there is an optimum concentration, usually within the range of 0.02-0.2% by weight.

The study of the wet milling process in ball mills and the use of surfactants provides a deeper
understanding of the mechanisms that influence milling efficiency. The kinetics of wet milling,
described by the Kolmogorov equation, exhibits a decaying nature, which is due to many factors,
including the reduction of defects in the material and the formation of conglomerates.

Surfactants play a key role in optimizing the milling process by reducing particle strength and
reducing milling energy costs. Their ability to adsorb onto the particle surface significantly improves
milling conditions, allowing for finer dispersion and increased overall mill performance.

By choosing the right grinding method — open or closed — and using the right additives, the
results can be greatly improved by minimizing heat loss and controlling the process effectively. In the
future, further research in this area could lead to more efficient grinding technologies, which could have
a positive impact on many industries, including building materials, pharmaceuticals and chemicals.

Thus, the study of wet milling and surfactants opens new horizons for technology improvement,
contributing to more sustainable and efficient production.
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