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This article discusses some aspects and problems of mechanoplasma treat-
ment technology based on the mechanoplasma effect that occurs in the
processes of intensification of metal machining (in particular, cutting in-
cluding turning, friction and destruction) in lubricating-cooling techno-
logical means.

VY wmifi cTaTTi posTIANAIOTHCA OeAKi acleKTH Ta IpobJeMu TeXHOJOorii mexa-
HOILIa3MOBOr0 OOpOOJeHHS Ha OCHOBI MeXaHOILJIa3MOBOTO e(eKTy, IO BU-
HUKae B Ipoliecax iHTeHcu@ikamii MexaHiuHOro 0OpOOJAHHA MeTaJiB (30K-
peMa, pisaHHS, BKJIOUAIOYM OOTOUYBAHHSA, TEPTA Ta PYHHYBAHHSA) B MAacCTU-
JIbHO-0XOJIOIKYBAJbHUX TEXHOJOTIUHUX 3acobax.
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1. INTRODUCTION

Despite the significant development of methods of forming without
removing chippings, metal cutting remains the leading, final pro-
cess providing the specified requirements for accuracy, quality of
the processed surface and other operational characteristics.

Metal cutting is a complex process, including turning, friction
and destruction. The continuous watering of a liquid with several
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tens of components of lubricant-cooling agents (LCA) dissolved and
emulsified in it influences all these processes.

Undoubtedly, the further development of metal processing will
largely depend on the effectiveness of the influence of LCA on met-
al workability, a complex indicator that determines the rate of tool
run out, the magnitude of the cutting force and power consump-
tion, tool temperature and surface quality. Meanwhile, there is a
rather extensive material showing that despite the use of new con-
tinuously updated compositions of LCA, the complexity of machin-
ing continues to be large, and in many cases technological means do
not yet provide the specified requirements for accuracy and surface
quality as well as other operational characteristics of manufactured
critical parts.

This state of the problem remains for decades, that is largely due
to the ambiguity of ideas about the physical nature of the processes
of contact interactions of the medium with a new electrically active
metal structure formed due to physical impact, and this does not
contribute to the efficiency of the search of new approaches to solve
the problem under consideration.

Analysis of reviews, reports and articles makes it possible to
highlight some areas of research; their implementation will over-
come this difficulty and advance in solving this problem in the
right direction [1].

2. EXPERIMENTAL/THEORETICAL METHODS

Among them, the most important, specific and interesting area of
research is the possible initiation of activation processes in the chip
formation zone of the initial electro passive surfactant medium
(LCA) and its subsequent transformation by wave propagation of
chemical reactions up to the formation of an electrically active ion-
ized gas [2]. It was supposed that such a gas, consisting of hydro-
gen in its active forms, electrons, and neutral molecules, is ideally
suited to perform the functions of a technological medium capable
to improve optimally the workability of a metal [3]. Such a process
becomes possible because the complex of physicochemical processes
and phenomena accompanying the mechanical process creates the
conditions necessary for the occurrence of chemical transformations
of the initial hydrocarbon medium into radically active hydrogen
plasma [4, 5].

Solving this complex problem requires setting new tasks: study-
ing the phenomena of quantum diffusion of hydrogen particles in a
narrow gap space of a crack with a pronounced polar effect at its
apex, transportation of a medium in an inhomogeneous region of
plastically deformable material in front of a crack apex, and reveal-
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Fig. The scheme of positive feedback between quantum effects and chemi-
cal processes generated by a growing crack.

ing the nature of contact interactions of particles with electric
charge and their influence on the processes of deformation and
fracture, etc.

To solve these problems, contributing to a radical increase in the
efficiency of the processing medium, it is necessary not only to
transfer the interacting metal-medium system from the level of
weak adsorption interaction of the body with the medium to a much
stronger level—electrical interaction, but also to ensure timely flow
of the medium into the adhesion overcome zone between atoms of a
deformable material.

The practical aspect of this assumption was to use the properties
of the resulting objects and materials of nanodimensional scale,
which differ in extremely high aggressiveness from the properties
of free atoms or molecules, as well as from the bulk properties of a
substance consisting of these atoms or molecules, as a processing
medium. In addition, as such a product has an electric charge, its
interaction with the electromagnetic field that occurs in the work-
ing system ‘machine—tool-part’ allows for timely delivery of the
activated substance to the plastically deformable area of the materi-
al, that is, directly to the rearrangement zone and breaking of the
bonds of atoms. It was also assumed that such a problem could be
solved only if high molecular compounds are used as the main addi-
tives to LCA [6]. This conclusion was justified by the specific prop-
erties of polymers, which are manifested when bonds are broken in
the main polymer chain under the influence of various physical,
chemical, and mechanical factors. In particular, polymers under the
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influence of such factors at the last stage of chemical reactions
produce a product of a qualitatively changed physicochemical prop-
erty and high reactivity. It was believed that the conditions that
form in the cutting zone and in the slit space of the crack due to
the accompanying destruction of various physical and chemical pro-
cesses and phenomena of quantum nature are sufficient for the
manifestation of specific features of polymers [7]. Consequently, in
the case of the implementation of the proposed medium activation
scheme, the possibility of the formation of a hydrogen plasma at a
crack dead end as an medium performing the function of a techno-
logical tool, i.e., LCA. In turn, this should lead to the development
of a new technology for obtaining new technological tools that con-
tribute to solving practical problems of metal machining.

Some physicochemical laws of high reactivity of polymer additive
to LCA.

The reasons for the high reactivity of the polymer additive are
most pronounced in comparison with their low molecular weight
counterpart. In relation to the problem under consideration, the
main differences are as follows.

If we compare the detachment energy of a hydrogen atom in a
series of saturated hydrocarbons (in many cases they make LCA),
then, in comparative units, it will be 11 units for heptane, 3 units
for polyethylene, and 2 units for polyisobutylene [8]. This means
that the decomposition of polymer macrochains occurs at a much
lower temperature than a molecule of a similar chemical nature. In
addition, the destruction of the polymer on the hot surfaces of the
chippings and tool, that is, the decomposition of the polymer, un-
like low molecular weight substances, will proceed according to the
free-radical chain mechanism, which gives a high rate of an elemen-
tary act of chemical transformation and a high concentration of the
product formed [1, 9].

As known, among the physical factors that can initiate chemical
reactions in polymers, thermal exposure occupies an important
place, as it is the cause of one of the most important characteristics
of polymers—their thermal stability. For example, the decomposi-
tion of polyethylene (PE) begins at a temperature of 290°C, and at a
temperature of 315°C, the rapid formation of volatile products oc-
curs [10]. Therefore, if polyethylene is used as an additive to LCA,
then, the temperature at which its chemical transformations begin
will be significantly lower than the temperature of heat fluxes in
the cutting zone and the temperature of the chippings.

It should be noted one more important feature of the chemical
transformations of the polymer, as additive to LCA. Unlike low mo-
lecular weight analogues, high molecular weight compounds even as
a result of the first act of chain breaking give a high concentration
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of reactive products that cause further chemical reactions. In this
case, the radicals move from one chain (or chain fragment) to an-
other by detaching the hydrogen atom until they get close enough
for them to recombine. Moreover, each radical is able to initiate a
new radical reaction, leading to the breaking of about 10000 poly-
mer chains [11]. The formation and accumulation of active products
and relatively stable intermediates is an additional source of in-
creasing the concentration of new active particles, because of which
the reaction becomes self-accelerating, and the formation of a large
concentration of ionized hydrogen. The peculiarity of the decay of
the polymer macrochain lies in the fact that, as it is known from [8,
9], during the pyrolysis of the polymer and, in particular, PE, in
addition to the gas phase, a solid phase is also formed, namely, a
polyconjugated polycyclic system consisting of graphitized aromatic
rings [4]. In this regard, in the process of cutting, when using PE
as an additive to LCA, carbon accumulation in the form of allo-
tropic modification graphite is possible on the cutting surfaces of
the tool [1]. Such a pyropolymer residue, firstly, can be a good lub-
ricant that promotes the separation of friction surfaces, and second-
ly, a medium for the implementation of permanent carbonization of
the tool cutting edges. Both the first feature of the LCA polymer
additive and the second one are that both of them will contribute to
a significant increase in the tool wear resistance, as well as a reduc-
tion in the work spent on friction of the front and back surfaces of
the tool with the processed material and chippings.

Thus, the purpose of the polymer additive is to influence not only
the main energy costs of the cutting process (plastic deformation
and friction), but also contribute to the achievement of the main
goal of machining, namely, to obtain parts with a given accuracy
and surface quality while obtaining certain economic results.

The following should be noted. It is known that the reactivity of
a functional group does not depend on whether it is attached to a
polymer chain of any length or to be part of a small molecule of a
low molecular-weight substance [8]. This principle is qualitatively
observed, but the quantitative comparison shows significant differ-
ences in the reactivity of low and high molecular weight compounds
of similar chemical nature. Therefore, when considering the chemi-
cal reaction process, two questions arise in order to obtain the de-
sired substance. The first one is as follows: ‘Is a reaction possible
under the given conditions?’ Equally important is the second ques-
tion: ‘Under what conditions will the reaction precede fast enough
so that this process has practical significance?’ Returning to our
case, it can be argued that in the conditions of the cutting zone,
both low- and high-molecular compounds that make up the LCA will
decompose. For this, the formed conditions in the process of sepa-
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rating the chippings from the work piece are sufficient for a posi-
tive answer to the first and second question [1]. At the same time,
because of chemical transformations of a low molecular weight sub-
stance, the rate of formation of the desired substance and its con-
centration are so insignificant that they do not have a significant
effect on the processes of metal deformation and fracture during
cutting, and, consequently, such a chemical process has no practical
meaning.

Crack as a factor forming conditions for the chemical activation
of the medium and its transportation to the fracture zone.

Since the breaking of the interatomic bonds of the body is local-
ized in places of stress concentration of different origin, but mainly
in the microregions of the cracks adjacent to the tops, in the article
it is considered the situation that develops in such areas due to the
possible influence of the medium. In this case, it is not a question
of defects (microcracks) emerging on the surface of the deformable
metal, but only of growing microcracks at the vertices of which new
surfaces are opened, i.e., located and developing in close proximity
to the cutting edge of the tool. We will consider such a microcrack
having a vee shape with a collar descending to the interatomic dis-
tance as a source of subsequent destruction.

The results of studies of the kinetics of the cutting process, con-
firmed by experiment [12], show that, at the microscale, the chip
does not contact the tip of the tool cutter, creating a reaction slot
mating with the cavities of the crack [7]. Due to mechanical action
on the material, a crack grows, its juvenile surfaces are exposed,
and at the same time, various physical processes and phenomena are
generated in the slot space.

Consequently, the zone limited by the cavity of the crack, the
wedge of the tool and the tip of the crack can be represented as a
kind of reactor. In its space under the influence of various process-
es and phenomena accompanying the destruction, the hydrogen-
containing gas mixture formed at the first stage of transformations
is transformed into radically active hydrogen plasma [1].

According to the proposed scheme, the hydrocarbon gas mixture
resulting from the destruction of the polymer component of the
LCA will continuously flow and accumulate in the space bounded by
the crack tip, its ‘banks’ and the cutting edge of the tool. In this
reaction zone the final formation of hydrogen plasma occurs. The
ionizers in this process are juvenile catalytic active new crack sur-
faces, exoelectronic emission, as well as self-accelerating gas-
discharge processes that occur in the crack cavity [2].

Based on this conceptual position, we will consider how surfaces
are formed at the moment of destruction of a solid body, and what
their physicochemical properties are.
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Today, there is no longer any doubt that the mechanical effect
leading to the growth of a crack in a solid and the formation of new
surfaces is accompanied by an outbreak of the chemical transfor-
mation of the medium [11]. In fact, in this case the growth of the
crack plays the role of a trigger mechanism, which includes various
chemical reactions. One of them will be initiated by new surfaces.
Such a freshly formed surface is not ideal; point defects periodically
are located on it, the most electrically active centres, such as the
vertices, ribs and edges of crystals, steps of chips, pores, and then
less active, in accordance with the type of symmetry and spatial ar-
rangement of atoms on the surface. These surface elements can be
represented as microelectrodes capable of taking part on the one
hand, in various physical and chemical processes, and on the other,
as acting accelerating or inhibiting potentials when electrons and
ions contact and migrate to the crystal surface. Therefore, a mosa-
ic, catalytically active surface is capable of activating the chemical
reactions occurring on it, sometimes even with zero activation en-
ergy. So, for example, the fact of hydrogen catalysis on a clean sur-
face of iron was established even at a temperature of 253°C [13]. By
analogy with this, it can be assumed that during contact interac-
tions of the constituents of the gas mixture, chemicals with the
surfaces of the crack, a chain of chemical transformations of sub-
stances will also occur with the formation of hydrogen-containing
plasma at the final stage, i.e., ionized gas.

The ability of catalytically active metal surfaces to generate ac-
tive forms of hydrogen in volume was established in the early works
of Langmuir. Obviously, in this case, the surface heterogeneity
primarily causes interaction with the first layer of elements of the
gas mixture that comes into contact with it. However, since a large
number of lattice defects (vacancies, dislocations, grain boundaries,
subgrains, and phases) with sizes from several angstroms to 100 A
come to the surface, adsorption of the following gas layers will oc-
cur. In addition, such defects can apparently be modelled in the
form of channels, which can serve as pathways for the predominant
diffusion of hydrogen.

The reaction zone has another extremely important property. The
exclusivity of this property is that on the contact surfaces of the
tool with the processed material in the chip formation zone, some
electrons in the process of plastic deformation and friction acquire
kinetic energy sufficient to overcome the potential barrier of their
separation from the metal boundary, which leads to thermal current
[14]. Since the main current carriers, electrons, move from the
heated region (the tool blade) to the cold (processed metal), the
work piece will be enriched with charge carriers, electrons, and ac-
quire a negative space charge, and the instrument, depleted in elec-
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trons, will be charged positively. This process proceeds continuous-
ly, as well as the ‘pumping’ of electrons in one direction from the
tool to the material being processed, and an electric current will
flow in the ‘machine—tool-work piece’ system. In this regard, in the
reaction zone, there will be a separation of the direction of flow of
positively and negatively charged hydrogen particles: the tool will
attract particles of negative electric charge, and protons will begin
to move in the direction of the surface of the crack tip. After pass-
ing through the surface of positively charged hydrogen particles,
they will be carried away by the conduction electrons of the treated
metal, moving in an electric field at high speed. The drag of pro-
tons by conduction electrons is so great that positively charged par-
ticles begin to move, as a rule, towards the anode, against the field,
like particles with a large negative charge [15, 16]. This process,
called the electronic ‘wind’ effect, can provide the speed of proton
movement along the shear layer at a speed exceeding the crack
growth rate [3].

Finally, exoelectronic emission plays a significant role in the
formation of hydrogen plasma in the reaction region. This phenom-
enon occurs because electrons escape from the collar of the crack
during its growth with high intensity (6-10 pulses per minute) and
energy (10% eV) [17], exceeding the ionization energy of the hydro-
gen atom (13.595 eV). This means that conditions are created in the
reaction zone for impact ionization of hydrogen molecules and re-
sidual gas hydrocarbons. Moreover, the processes proceeding from
the appearance of primary ions to the formation of new as well as
molecular products and free radicals complete in just 10~ seconds
[15].

The notions of the physicochemical nature of the activation of
the initial medium are confirmed not only by modern theoretical
studies, but also by the practical result of their use. Therefore, for
example, if a metal plate is introduced into the ionized hydrogen
stream, its surface will quickly melt and a weld pool will form. In
this case, the flame temperature is about 3700°C. On this principle,
an industrial welding method has also been developed, which is
called ‘atomic arc welding’. In addition, the technology of plasma
cutting of metal is known, when a narrow stream of ionized hydro-
gen is directed to the metal, melting it in a thin layer. Thus, be-
cause of impact ionization, chemical reactions on the catalytically
active surfaces of the crack, and self-accelerating reactions in the
reaction zone, a high concentration of a water conduit in the ion-
ized state will begin to form at a high speed. Subsequently, under
the action of the electric field of the system, as well as the negative
charge concentrated at the crack tip [1], the flow of protons carry-
ing a positive electric charge will rush through the narrow gap to
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the crack tip. When approaching its crack tip, the proton flux is
divided into two parts. One part of the protons collides with the
flow of exoelectronic emission and, because of interaction with elec-
trons, recombines with the release of thermal energy (from 60 to
120 kcal/mole). The second part of the protons, passing through the
surface of the collar of the crack, freely trans- and intergranular
moves along the shear layer due to the effect of electronic ‘wind’.
In this case, some diffusing protons become trapped by hydrogen
traps, in which they also recombine with the release of thermal en-
ergy.

The provisions expressed here were fully confirmed by the results
of experimental and theoretical studies, as well as by practice data,
this is reflected in some publications [1-5, 7].

3. RESULTS AND THEIR DISCUSSION

It is important to note that a significant feature of the proposed
model is the real possibility of a positive feedback between the
growing crack and the medium: the developing crack creates condi-
tions in the slot space for the medium to be activated before the
hydrogen plasma, and the resulting plasma has a positive effect on
its development (Fig.). In this case, the final activation processes
take place in a narrow slit space with a pronounced polar effect at
the crack tip with the formation of chemical transformations among
pre-hydrogen plasma at the last stage.

Thus, for the implementation of mechanoplasma treatment, the
process of activation of a polymer-containing surface-active medium
and its transformation into radically active hydrogen plasma should
include the following stages.

1. Adsorption of polymer additives to LCA, consisting of hydro-
carbon molecules and its chemical compounds, on the hot surfaces
of the cutting zone.

2. Thermal degradation of macromolecular compounds.

3. The chain reaction of the macrochain, initiated by the active
products formed during its pyrolysis.

4. Desorption of reaction products—a gas mixture in various ac-
tive forms of hydrogen, as well as a homologous series of aliphatic
saturated hydrocarbons.

5. Diffusion of the resulting activated products into the reaction
gap.

6. Heterogeneous and homogeneous catalytic reactions on juvenile
freshly formed surfaces and in the space of the reaction gap with
the formation of ionized hydrogen-containing gas.

7. Recombination of protons in the space between the cracks.

8. Impact ionization of a hydrogen-containing gas by an electron
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avalanche with the formation of a hydrogen plasma.

4. CONCLUSION

The problem of the need for the development of metalworking and
the most important research tasks put forward in this connection,
which are based on the fundamental laws of physics of the cutting
process and constantly emerging and developing new frontier areas
of science, are formulated. The main objective of the research is re-
lated to the knowledge of the laws of such extremely complex in
terms of diversity and extremeness of the processes conditions,
which is the process of metal cutting during continuous watering of
a liquid with several tens of components dissolved and emulsified in
it. The solution of this problem should lead to an understanding of
the physical nature of the phenomena that accompany this process,
and based on this, it is possible to develop new approaches to create
the optimal technology for the shaping of parts. One of them may
be the proposed technology of mechanoplasma processing, which at
the same time combines not only the possibility of intensifying the
process of parts manufacturing at its optimum cost-effectiveness,
but also obtaining products with operational properties, which are
adjustable in a certain range.

A model of a radical improvement in metal workability and solu-
tion methods are offered. Its implementation is possible if a plasma
effect is formed in the reaction zone between the tool wedge and the
crack tip. Positively charged hydrogen particles diffusing from the
plasma and accelerated by the electric field interact with the real,
electrically active structure of the material and, as a result, a large
thermal energy is released.

This phenomenon leads to a significant relief of the deformation
and fracture processes. The manifestation of the plasma effect de-
pends on the presence in the medium of hydrogen compounds, the
atoms of which are part of any technological tool. However, the
greatest effect is achieved with a maximum degree of ionization and
hydrogen concentration in the crack cavity. Conditions for for-
mation in the reaction zone are created only if a high molecular
weight compound is present in the composition of the technological
means. This conclusion is of great practical importance, since direct
recommendations from here should be sought for effective additives
to LCA among polymer compounds that give reactive forms of hy-
drogen and carbon in the chain of chemical transformations of their
macrochains.

The experimental results and data from industrial enterprises
convincingly demonstrate the undoubted advantage of mechano-
plasma processing. The formation of parts in this case is character-
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ized by high machinability, which is characterized by a decrease in
tool wear and cutting force, an increase in tool life and quality of
the machined surface, as well as the fact that the process proceeds
at high dimensional accuracy with the achievement of a large eco-
nomic effect.

To implement the technological process of mechanoplasma treat-
ment, it is necessary to use the unique properties of objects and ma-
terials of the nanometre range, which are highly active than the
properties of free atoms or molecules, as well as from the bulk
properties of compounds and substances consisting of the same at-
oms or molecules.

It should be noted that the plasma effect is no less pronounced
during technological processes of processing other solids. For exam-
ple, a significant effect is observed when grinding solid bodies of
inorganic nature, and drilling solid bodies of geological rocks with a
high degree of strength, processing silicate glasses and semiconduc-
tor crystals, etc.

The authors sought to show in the article the great promise of
using mechanoplasma treatment of solids, and also bearing in mind
the importance and complexity of the problem, they considered it
possible to express some hypothetical thoughts.

Detailed information that can be used to develop a highly effi-
cient technology for mechanoplasma processing is given in the bro-
chure [18].
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