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Abstract. Methods of influencing the system, the ultimate goal of which is to destruct the natural structure of the
material, can be divided as mechanical, physical, chemical, biological and complex. The changing the energy state of a
substance is called activation. The current scientific field of ultradispersed materials and physical and chemical
processes caused by dispersion is created by the researches of many scientists. Detailed consideration for the increasing
reactivity of a solid substance compared to the change in its specific surface area during its mechanical activation
showed that the share attributable to the growth of the specific surface area is only a few percent of the mechanical
activation effect. The other part is due to the accumulation of defects in the crystals during the grinding process.
According to the law of conservation of energy, when a crystal splits, the potential energy of interaction between lattice
nodes is transferred to uncompensated surface energy. In addition, the value of the specific surface energy depends on
the type of flat lattice used to split the crystal. Therefore, the activation processes and the application of the substance in
the active state are relevant in the development of modern binders and concretes. The purpose of the article is to
analyse the advantages and disadvantages of the existing methods of influencing the system with the ultimate goal of
destruction of the natural structure of the material to changing the energy state of the substance, i.e. its activation.
Conclusions. During the destruction of solids, the formation of new cleavage surfaces is accompanied by the breaking
of bonds between the substance structural elements and the transition of the potential bond energy into surface energy.
Ceteris paribus, the higher the ionic charges and the smaller the distance between them (between adjacent flat grids in
the lattice), the greater the value of . In addition, the value of the specific surface energy depends on the type of flat
grids used to split the crystal. It is worth mentioning that not all methods of activation for binder and concrete (soluble)
mixtures are currently implemented on an i industry level. This is due to various reasons. The main method of activation
used on an industry level is mechanochemical activation in various types of mills.

Keywords: influence on the system; destruction of the structure; specific surface area; methods of activation

CHHOCOBMU BIIVIMBY HA CUCTEMY JIA 3MIHU EHEPTETUYHOI'O
CTAHY PEYOBUHU : 1OCBII, CTAH IIMTAHHSA

I'YCEMHOB O. A.Y", acn.,
3ATIOPOXELIb B. 1.2, acn.

* Kadenpa TexHoyorii OyiBeNbHUX MaTepiaiiB, BUPOOIB Ta KOHCTPYKIiH, [IpuaHINpOBCHKa JAepikaBHA akaaeMis OyjIiBHUITBA
Ta apxiTeKTypH, ByJd. Apxirekropa Omera Ilerposa, 24-a, 49005, [Juinpo, Vkpaina, ten.. +38 (063) 528-07-05, e-mail:
or.huseinov@gmail.com, ORCID ID: 0009-0001-3708-8195
2 Kadenpa TexHomorii OyniBenbHUX MaTepiasliB, BUPOOIB Ta KOHCTPYKUiH, [IpuaHinpoBchbka aepkaBHA akajaeMis OyHiBHHITBA
Ta apxiTekTypH, ByJd. Apxirekropa Omera Ilerposa, 24-a, 49005, [minpo, Vkpaina, ten.. +38 (067) 528-99-05, e-mail:
viktor20zh@gmail.com, ORCID ID: 0009-0000-3072-3136

Amnoranis. CriocoOu BIUIMBY Ha CHCTEMY, KiHIICBA METa SKHX — PyWHYBaHHS MPHPOTHOI CTPYKTYPH MaTrepiany,
MOXHA TIOJITUTH Ha MeXaHi4Hi, Qi3ndHi, XiMi4Hi, 010IOTI4HI i KOMIIEKCHI. 3MiHy €HEPreTHYHOTO CTaHy PEUYOBHHH
MPUIHATO Ha3UBaTH akThBamicto. CydacHUH HAyKOBHH HaNpsM Y Taidy3i OTpUMaHHS yJIbTPAIUCIIEPCHUX MaTepialliB Ta
(hi3UKO-XIMIYHUX TIPOIIECIB, 3yMOBJICHUX AMCIIEPTYBAaHHSAM, CTBOPEHO MNpAISIMH 0aratbox ydeHuX. JleTaabHUil 00JIiK
MiIBUIIEHHS PEAKIiiHOI 3MaTHOCTI TBEPA01 PEYOBHHU MOPIBHIHO31 3MIHOIO BEJIMYMHU HOTO MTUTOMOI MOBEPXHI B XOi
WOT0 MEXaHiuHOI aKTHBAIlii MMOKa3aB, 10 YacTKa, sKa MpUIagac Ha 30UTBIICHHAS] TUTOMOI TIOBEPXHi, CTAHOBUTH JIUIIIE
KiJTbKa BIZICOTKIB BiJ eeKTy MexaHoakTuBallil. Perira mop's3aHa 3 HAKOMUYCHHSIM JIe(EKTIB y KpUCTalaX y MPOIECi
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noapiOHeHHs. BiqmnoBifnHO 3akoHy 30epeXeHHsl eHeprii, NPy pO3KOJIi KPUCTajla NOTEHIIHA eHepris B3aeMoJii By3JIiB
I'paT MEPEeXOaUTh y IOBEPXHEBY HE CKOMIIEHCOBaHy eHeprito. Kpim Toro, BenMuYMHA MHUTOMOI NMOBEPXHEBOi eHepril
3aJIeKHUTh BiJ THUIY IUIOCKMX CITOK, SIKHMH PO3KOJIOEThCS KpucTan. ToMy TNpolecu akTHBalii Ta 3aCTOCYBaHHS
PEUOBHHM B aKTUBHOMY CTaHi 0auuThCSl aKTyaJIbHUMH JUIsi CTBOPEHHS Cy4acHHX B'SDKy4HX Ta OeToHiB. Mema cmammi
— aHaJIi3 IrepeBar i HeJOJNIKIB ICHYIOYMX CHOCO0IB BIUIMBY Ha CHUCTEMY 3 KiHIIEBOIO METOI0 PyWHYBAHHS NPHPOIHOI
CTPYKTYpH MaTepiajily Uil 3MiHH €HEpreTHYHOTO CTaHy PeYOBHHH, TOOTO i aktuBauii. Bucnoexu. Ilpu pyiiHyBaHHI
TBEpPIUX PEUOBHH YTBOPEHHS HOBUX MOBEPXOHBb PO3KONY CYNPOBOKYETHCS PO3PUBOM 3BSI3KIB MK CTPYKTYPHHMH
eJICMEHTAMH PEYOBHHHU Ta MEPEXOJOM IMOTCHIIHHOI eHepril 3B'I3Ky B IMOBEPXHEBY CHEPril0. 3a iHIIMX PiBHUX YMOB
BEIIMYMHH G TUM OiJbIIi, [0 BHII 3apsay 10HIB i MEHINA BiJICTaHh M HUMHU (MK CYCITHIMH TUIOCKUMH CITKaMHU Y
rpatax). Kpim Toro, Benmm4iuHa MUTOMOI TOBEPXHEBOI €HEPTii 3aJI€KUTh BiJl THITY TUIOCKHUX CITOK, IKHMH PO3KOIOETHCS
kpuctan. CIif 3a3HaYUTH, [0 HE BC1 METOAM aKTHBAIil B'SDKYYHX Ta OCTOHHUX (PO3UYMHHUX) CyMillleld Ha JaHWN Yac
BIPOBAJDKEHI y HpoMucioBux Maciirabax. Ile BinmOyBaeTbcs 3 pisHMX npuyuH. OCHOBHHMM METOJ| aKTHBAlii, LIO
3aCTOCOBYETHCS Y IIPOMHCIIOBHX MacIITa0ax, — MEXaHOXIMIYHA aKTUBAIlis Y MITMHAX PI3HOTO THITY.

Kuro4oBi cioBa: gnaus na cucmemy; pyiHy8aHHsa CmpyKmypu; numoma no8epxus, cnocobu akmueayii

Problem  statement. = Methods  of Analysis of publications. The current
influencing the system, the ultimate goal of  scientific field of ultradispersed materials and
which is to destruct the natural structure of the  physical and chemical processes caused by
material, can be divided as mechanical, dispersion is created by the researches of many
physical, chemical, biological and complex.  scientists [1-10].

The changing the energy state of a substance is The process of grinding solids in practice is

called activation. very complicated due to the set of phenomena
The current scientific field of ultradispersed  that accompany it, such as:

materials and physical and chemical processes - mechanical (movement of the grinding

caused by dispersion is created by the device body, the grinder itself, friction in

researches of many scientists. bearings, friction of the material to be crushed
Detailed consideration for the increasing  against the grinding device body, etc);

reactivity of a solid substance compared to the - physical (deformation of the crystal lattice

change in its specific surface area during its  of the material to be grinded without its
mechanical activation showed that the share  significant destruction, heat generation and
attributable to the growth of the specific surface  heating of the particles of the material to be
area is only a few percent of the mechanical  grinded, emission of electrons, etc);

activation effect. The other part is due to the - physical and chemical (breaking of bonds
accumulation of defects in the crystals during  between the lattice nodes, i. e. its destruction,
the grinding process. adsorption of gas molecules and surfactants

According to the law of conservation of  from the environment by the surfaces of the
energy, when a crystal splits, the potential newly formed grains, aggregation of grains
energy of interaction between lattice nodes is  with each other, etc);
transferred to uncompensated surface energy. - chemical phenomena (possible interaction
In addition, the value of the specific surface  of new surfaces with environmental molecules
energy depends on the type of flat lattice used  up to the formation of surface compounds, i. e.
to split the crystal. Therefore, the activation = mechanochemical phenomena).

processes and the application of the substance During the destruction of solids, the
in the active state are relevant in the  formation of new cleavage surfaces is
development of modern binders and concretes. accompanied by the breakdown of bonds

The purpose of the article is to analyse  between the structural elements of the
the advantages and disadvantages of the  substance and the transition of the potential
existing methods of influencing the system with  binding energy into surface energy [11]. The
the ultimate goal of destruction of the natural  presence of surface energy in a solid is caused
structure of the material to changing the energy by the uncompensated force field of ions or the
state of the substance, i.e. its activation. unpaired electron spins on the outer orbitals of
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the atoms of the surface nodes of the substance
(Fig. 1) [11].

The specific surface energy o of a solid is
considered as the total energy reserve of
uncompensated bonds of surface nodes E per
unit area of the grain surface:

o =E/S. (1)

Theoretically, the value of o can be
estimated by knowing the structure of the
crystal lattice of a solid.

During the destruction of solids, which is
accompanied by the appearance of a new
surface, the energy consumption for cleavage is
equal to the amount of surface energy Er = 04S.
Here, o is assumed to be a constant average
value, although it is known that the specific
surface energy is anisotropic.
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Fig. 1. Position of structural nodes on the surface (1)
and inside (2) [11]

During the crystal cleaves, two cleavage
surfaces are formed, and the new surface for
one lattice node is S = 2a2. Then Ep = o-24? (Ep
is the surface energy). According to the law of
conservation of energy, during the crystal
cleaves, the potential energy of interaction
between lattice nodes is transferred to surface
uncompensated energy (Ep = -Ene) [11].

Ceteris paribus, the higher the ionic charges
and the smaller the distance between them
(between adjacent flat grids in the lattice), the
greater the value of ¢. In addition, the value of
the specific surface energy depends on the type
of flat lattice used to cleave the crystal.

Under external loads approaching the limits
of compressive, tensile, and bending strengths,
the material to be crushed begins to cleave and
cracks appear. The instantaneous cleavage of
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the crushed material into smaller pieces is
unlikely, as it requires a large supply of energy
from the outside to the material.

According to the  Griffiths-Orovan-
Rebinder theory, the destruction of a solid
begins at the points of crystal lattice disruption
(near defects). The local stress concentration
near these defects under mechanical impact
from the outside leads to the formation of
nucleated microcracks, which, as they grow
further, overlap each other and cause the
crushed material to gradually fall to smaller
pieces. Thus, a stepwise destruction of a solid is
more likely to occur. The growth of
microcracks  during  stepwise  material
destruction is no longer unambiguous. As long
as the grain is subjected to stress, microcracks
grow. After the load is temporarily removed
(until the next impact by the grinding media),
the microcracks can partially close (“heal”) due
to the restoration of chemical bonds between
the lattice nodes that have moved away from
each other by a distance slightly exceeding the
interplane distance a. Such self-healing of
microcracks leads to the fact that during
repeated impacts of the grinding bodies, the
grain of the material to be ground has to again
expend additional energy to cleave the healed
microcrack areas [11].

The presence of a large number of broken
(uncompensated) bonds at the surface lattice
nodes in a finely dispersed system leads to
involuntary aggregation of powder grains. The
system tends to reduce its surface energy
reserve due to the partial closure of broken
bonds at the grain contact points. Additional
portions of energy are spent on the destruction
of aggregates throughout the grinding process.

The release of a large quantity of heat
during milling (primarily due to Eupr and Et)
leads to the fact that in the heated material there
is an increase in the thermal mobility of the
structural elements of the lattice (especially the
surface nodes in the grain friction zone). Thus,
during dry milling in closed mills, the
temperature of the ground material reaches
200 °C and above. This can cause a change in
the orientation of the structural elements of the
crystal in the near-surface layer
amorphization. With fine and ultrafine milling,
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the thickness of the amorphized near-surface
layer of grains can be, according to
G.S. Khodakov, 15-16 nm [11].

The process of dispersing materials is
greatly influenced by the background of the
material to be ground and the grinding
environment.

For example, it has been found in practice
that pre-fired materials are crushed much more
efficiently than materials that have not been
heat treated. This might be due to:

-polymorphic transformations accompanied
by a significant change in volume, which
causes cracking;

- rapid, sharp cooling of materials after
firing to normal temperature, which leads to the
emergence of many macro- and microcracks in
them.

In the current conditions of Ukraine, it is
not always economically reasonable to carry
out preliminary heat treatment of raw materials,
but there are raw materials of technogenic
origin in the country that have undergone
certain heat treatment at the stage of obtaining
the main product and, accordingly, can be used
effectively in the future.

Grinding (milling) of the material can be
carried out in different environments, mainly in
air — this is dry milling and in liquid — wet
milling.

During dry milling, the high activity of the
newly created surfaces (uncompensated broken
bonds) causes them to affect gas molecules in
the environment, which contributes to the
adsorption of these molecules on the surface of
the material being ground. The most easily
adsorbed water molecules are H20, as they
have a large dipole moment. Adsorption of H20
leads to surface interaction of water molecules
with solid particles (electrostatic, orientational
dispersion interaction, through hydrogen
bonds), which causes partial compensation of
broken bonds and a decrease in the level of
surface energy [11].

Therefore, dry milling results in strong
heating of the material to be ground (up to
200 °C and above), desorption of H20
molecules from the grain surface, and
amorphisation of the layers of near-surface
grains (at a depth of 15-16 nm).

During wet milling, the picture is different.
In the process of stepwise destruction of solids
(development of microcracks), H20 molecules,
penetrating into microcracks, prevent the
reverse closure (cohesion) of the bonds
between the lattice nodes when the load is
temporarily removed, thereby reducing the
probability of self-healing of cracks and energy
consumption for this unproductive activity
(Fig. 2).
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Fig. 2. Scheme of penetration of H,O molecules into a microcrack [11]: a — microcrack; b — microcrack healing
in the absence of liquid; ¢ — penetration of H,O molecules into the microcrack

Water forms fairly dense polymolecular
shells up to 1-10 nm thick on the surface of the
material to be ground. These shells have elastic
properties that vary with their thickness. The
water molecules in such shells are oriented to
the grain surface. Such water has a high density
(from 1.2 to 2.4 g/cm?), a low heat capacity and
freezes at -78 °C. As the water moves away
from the grain surface, it gradually becomes

ordinary free water, which determines the
fluidity of the suspension [11].

The interaction of water with the surface
nodes of the grains (adhesion) causes a
decrease in the surface energy level from oo (in
a vacuum) to otzn. (in liquid) [11].

The presence of water shells around the
grains sharply reduces the friction between the
grains (water acts as a lubricant), grain
aggregation, and thus its heating during milling.
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The amorphisation of the surface areas of the
grains  also  decreases  (according to
G.S. Khodakov, the thickness of the
amorphised layer in this case is 1.6—2.0 nm).
This means that during wet milling, the
deformation of the lattice and its cleavage

account for a larger proportion of the energy
supplied to the solid than during dry milling,
which makes it possible to increase the
efficiency of the grinding process several times
and reduce the specific energy consumption for
milling.

Methods of activation for binder and concrete (soluble) mixtures

Table 1

Ne

Method
n/n

Technological characteristics

Advantages

Disadvantages

1 Chemical additives

Modification of compositions

A wide range of modifiable
compositions

High cost

Introduction of

Formation of additional
crystallisation centres and

Densification of the cement

Limited range of

2 surfactants [16; 17] | stimulation of secondary formation stone structure application
growth
3 Grinding of binder Different types of mills — ball, simplicit High energy
in a mill [18—-21] vibration, vario-planetary, etc. plicity consumption
The hydration process is Minimum volume
4 Liquid-phase Mechanical influence produced in more complete, and of mixture
mechano-activation the rotary-pulsation apparatus rheological characteristics -
. loading per cycle
are improved
5 Magnetlc_actlvatlon Magnetic treatment of water Energy efficiency Exp_enswe
of kneading water equipment

Hydrodynamic
6 activation [22; 23]

Synergistic effect of physical and
chemical processes occurring in the
flow of moving water, such as
aeration, cavitation (cold boiling),
collapse and coagulation

Converting water-dissolved
substances into insoluble
ones with their subsequent
removal

Relatively low
efficiency

Significant change in the

Treatment with Applying a constant field of high e -
hi ionic composition of the .

7 igh-voltage voltage to water-cement systems suspension and the Technological

electric discharges leads to the phenomena of water . complexity

. - . appearance of polarized
[24; 25] electrolysis and electrophoresis .
groups in water
. . . . Significant improvement in
8 Electr(_)-physmal Electromagnetic action (s_ometlmes the elastic strength of High costs
activation followed by steaming)
concrete
Absorption of energy of
9 Microwave _electromagnetlc fields of the b High speed of the Expensive
(dielectric) heating microwave (HF or UHF). range by technological process equipment
the material and conversion of this
energy into thermal
10 | Thermal activation Heating followe_d by cooling Relatlve_ly simple and High costs
according to various schemes effective method
Ultrasonic The effect of cavitation, solid-phase R .

S - - Intensification of cement High energy

11 treatment grinding, formation of microdefects hvdration processes consumotion
[15; 26; 27] in crystals is caused Y P P

Thermo-acoustic

12 activation

The dough is pretreated in an aero-
hydrodynamic activator, then mixed
with aggregates and heated to a
temperature of 60-65°C before
placing

Strength increases
by 1.5 times

Processing
complexity

The grinding of materials is even more
efficient in the presence of surfactants, which
are organic substances that can selectively
adsorb to the surface of solid grains, displacing
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the previously bound water adhesive film. Such
surfactants are fatty acids with rather large
hydrocarbon radicals, fatty acid salts (soaps),
sulfonic acids and their salts, alcohols, amines,
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etc. During the adsorption of these molecules,
the surface energy of the solid particles
decreases more than during the adsorption of
water molecules.

It is considered that surfactants used as
additives in small quantities can serve as
regulators of the properties of concentrated
mineral dispersions.

The use of surfactants can reduce the
milling duration. Surfactants, displacing bound
water from the surface of solid particles and
converting it into free water, increase the
fluidity of the suspension and allow reducing
the moisture content of the latter by 3-5 %
while maintaining the required fluidity of the
system [11].

K.K. Strelov and P.S. Mamykin call such
substances hardening reducers (substances that
facilitate  deformation and  mechanical
destruction of solids) [12]. During the milling
of materials in the presence of hardness
reducers, two processes occur simultaneously:
first, hardness reducers, adsorbing on solid
particles, cause a decrease in the elasticity,
yield strength and strength limits and thus
facilitate milling; second, the liquid, penetrating
into the microcracks of the pre-crushing zone,
unwinds the pressure on the crack walls
(capillary phenomena of the 2nd type).
Hardness reducing agents — surfactants — can
be aqueous solutions of many mineral salts:
sodium chloride, calcium, magnesium and
aluminium chloride salts, silicates or organic
surfactants in the form of true or colloidal
solutions, for example, soap in alkaline
solution, etc [12].

One of the most effective methods of
regulating the structural and mechanical
properties of mineral dispersions is their
chemical activation, which consists in
introducing acids, alkalis, surfactants, or water-
soluble polymers into the dispersed system
[13-15].

The methods of activation for binder and
concrete mixtures are structured in Table 1.

It should be mentioned that not all of these
methods are currently implemented on an
industrial level. This is due to various reasons.
In particular, methods such as microwave
heating, ultrasonic treatment and
thermoacoustic  activation are not yet
sufficiently investugated and, consequently,
industrial activators are not yet available.
Methods such as electrophysical activation and
heat treatment are quite energy-consuming, so
manufacturers are in no hurry to implement
them. It can be concluded that the main
activation method used on an industrial level is
mechanochemical activation in various types of
mills.

Conclusions

Methods of influencing the system, the
ultimate goal of which is to destruct the natural
structure of the material, can be divided as
mechanical, physical, chemical, biological and
complex. The changing the energy state of a
substance is called activation.

During the destruction of solids, the
formation of new cleavage surfaces is
accompanied by the breakdown of bonds
between the structural elements of the
substance and the transition of the potential
binding energy into surface energy

The specific surface energy o of a solid is
considered as the total energy reserve of
uncompensated bonds of surface nodes E per
unit area of the grain surface:

Ceteris paribus, the higher the ionic charges
and the smaller the distance between them
(between adjacent flat grids in the lattice), the
greater the value of o. In addition, the value of
the specific surface energy depends on the type
of flat grids used to split the crystal.

It should be mentioned that not all methods
of activation for binder and concrete (soluble)
mixtures are currently implemented on an
industrial level. This is due to various reasons.
The main activation method used on an
industrial level is mechanochemical activation
in various types of mills.
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