HIGH TECHNOLOGY IN MECHANICAL ENGINEERING

UDC 672.11, 544.034

INFLUENCE

OF LUBRICATING-
COOLING
TECHNOLOGICAL
MEDIA ON METAL
DESTRUCTION
DURING CUTTING

Oleksandr I. Soshko
a.soshko @ gmail.com
ORCID: 0000-0002-2135-5674

Viktor O. Soshko
soshking @ gmail.com
ORCID: 0000-0002-1788-0855

Igor P. Siminchenko
siminchenko @ gmail.com
ORCID: 0000-0001-7567-6062

Kherson National

Technical University,
24, Beryslavske Highway,
Kherson, 73008, Ukraine

Introduction

DOI: https://doi.org/10.15407/pmach2019.03.057

The influence of lubricating and cooling technological means on the destruction of
metal during cutting is shown. It has been established that the most effective additives
to lubricating and cooling technological means (LCTM) are aliphatic limiting poly-
mers, namely polyethylene (PE) and polyvinyl chloride (PVC). Within the framework of
ideas about the chemical activation of media, as well as the accumulated experimental
materials of our own research, studies have been conducted on the qualitative descrip-
tion of sophisticated models related to the actual microstructure of the material and
quantitative measurements of metal-hydrogen systems. Various aspects of the problem
of mechanical energy and hydrogen influence on the restructuring of crystal lattices
and the disruption of the interatomic bonding forces arising in ultramicroscopic re-
gions are considered. An important problem is the model of interaction of hydrogen
with the metal directly in the region of rearrangement and rupture of bonding forces
between atoms. This model corresponds most adequately to the costs of opening a new
surface, i.e. the final manifestation of the LCTV influence on the cutting process. The
article describes the processes and phenomena that take place below the boundary of
the highly deformable metal (chips) and the rest of the metal mass of the workpiece, as
well as the peculiarities of the processes of transporting hydrogen from the plasma to
the metal fracture zone. It has been established that in the microvolume of the material,
the thermal energy produced in connection with the contact interactions of electrically
active hydrogen particles with an electrically active real metal structure increases the
frequency of thermal vibrations of material atoms and the probability of their rupture.
Acting in conjunction with the mechanical energy, they facilitate the processes of de-
formation and destruction, and reduce the energy costs of cutting metal in various hy-
drocarbon LCTM. It is noted that the presence of hydrogen both in the chips and in the
surface being treated was registered during the cutting of metal in any hydrogen-
containing medium, even in water. However, the concentration of hydrogen in the metal
workpiece, when the latter is processed in the medium with the addition of a polymer, is
approximately two orders of magnitude higher than in the low molecular weight one. It
is this fact that makes a significant advantage of LCTM with polymer additives.

Keywords: hydrogen, metal, processing, atom, proton, lubricating-cooling techno-
logical media (LCTM).

Studies on the mechanism of the LCTM influence on the processes of destruction of metals during their

machining by cutting made it possible to establish that the deformation and destruction under such conditions are
facilitated due to the interaction of positively charged hydrogen particles with the electrically active real structure
of the material, with the structure being formed due to mechanical action [1, 2]. According to these concepts, the
formation of ionized hydrogen occurs under the conditions of opening a new surface in the metal fracture zone
due to the activation of both low and high molecular substances that are part of LCTM. It is noted that the activa-
tion processes take place under the influence of numerous physicochemical phenomena that have a quantum na-
ture, and are a constant companion of acts of the restructuring and breaking of material interatomic bonds. It is
also important to note that the presence of a high-molecular compound inside the LCTM repeatedly increases
both the rate of activation processes and the yield of the final product (hydrogen) [1, 2].

In general, it should be stated that, to date, although some work has been done on the problem under
consideration, further research on the qualitative description of complicated models related to the actual mi-
crostructure of the material, and then the quantitative measurements of these metal-hydrogen systems, is still
very important.

To qualitatively unite the macro- and micro presentations of various processes and phenomena oc-
curring in ultramicroscopic regions, where the crystal lattice is rearranged and the interatomic bonding forces
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are broken due to the cumulative influence of mechanical energy and hydrogen, we consider only some basic
aspects of this problem.

On the one hand, these are the peculiarities of the behavior of a high-molecular compound (poly-
mer), which is part of LCTM, and its low-molecular model in the chemical processes of their pyrolysis,
which affects not only the concentration rate of the radically active gas mixture, but also the final result,
namely the effectiveness of such LCTM.

Overwhelmingly, all modern LCTM, without which it is impossible to carry out the process of ob-
taining parts with a given accuracy and surface quality, are hydrocarbons whose molecules consist of atoms
of only two elements, namely carbon and hydrogen. Other classes of organic compounds, commonly used
for the production of LCTM, also consist of hydrocarbons, in whose molecules one or several hydrogen at-
oms are replaced by various other atomic groups. In contrast to low-molecular substances, polymers that are
introduced into their composition as additives, are also organic compounds, but their macromolecular chains
consist of molecules of their low-molecular analogs that are united together in a macrochain, and the molecu-
lar weight of the polymers can reach many millions.

It has been established [3] that the most effective additives to LCTM are aliphatic terminal polymers,
namely polyethylene (PE) and polyvinyl chloride (PVC). In addition, such polymers make it possible to trace
the significant differences in the reactivity of low and high molecular weight compounds of similar chemical
nature, which are part of LCTM, but with a gradually increasing molecular weight, for example, from low
molecular weight ethylene (CH,) to high molecular weight PE whose molecular weight can exceed 100x103,
and its composition corresponds to one general formula with a constant homologous difference of CH,.

The methodical attractiveness of these substances also lies in the fact that PE, unlike, for example,
heptane, with its low thermal stability, easily decomposes, forming active forms of hydrogen and carbon [3].
The high concentration of hydrogen in the rupture zone has a strong effect on the rearrangement and rupture
of interatomic bonds, which causes, compared with heptane, a drastic decrease in strength.

On the other hand, in the metal-hydrogen system under consideration, of interest is the kinetics of the
proton penetration deep into the metal, which is carried out at a rate significantly higher than that of body defor-
mation during the cutting process. The determination of the nature of this phenomenon is of particular interest,
since the chip temperature at the time of its separation from the workpiece, as well as the partial pressure of hy-
drogen near the surface, is too small for hydrogen to penetrate deep enough into the near-surface metal layers.

An important problem is the model of interaction of hydrogen with the metal directly in the region of
rearrangement and rupture of bonding forces between atoms, which most adequately corresponds to the en-
ergy costs of opening a new surface, that is, the final manifestation of the influence of the medium on the
cutting process.

It seems to us that the analysis within the framework of ideas about the chemical activation of media
[4-8] and the experimental materials of our own research [1, 2] are sufficiently reliable to explain the differ-
ences in the reactivity of various substances and compounds, which are usually the components of LCTM.

The first difference is that the energy for breaking chemical bonds of low-molecular-weight organic
compounds is much higher than that of high-molecular ones, which is caused by the following.

As already mentioned, the thermal decomposition of PE, whose macromolecules consist only of carbon
and hydrogen atoms, occurs in the temperature range (290-350 °C), with the temperatures easily achieved in
the cutting zone. At the same time, the pyrolysis of heptane, its analog model, whose molecule also consists of
carbon and hydrogen atoms, begins at temperatures above 700°C, which does not always form in the cutting
zone. If we compare, in comparative units, the value of the energy that needs to be spent to detach a hydrogen
atom both in the PE macromolecule and the heptane molecule, it will be 3 and 11 units, respectively [3].

The second difference is related to the mechanism of molecular breakdown: low molecular weight
organic compounds do not produce radically active products when the molecules are broken down, whereas
in the first stage of the polymer macrochain breakdown, intermediate radical products are generated, the
products being an additional source of the formation of new radically active substances. Moreover, their fur-
ther chemical activation can acquire a self-accelerating and even avalanche-like character with an increase in
new active particles, including those of ionized hydrogen [3, 5-7]. Note that in this case, at low pressures in
the reaction zone, chain reactions develop at a finite constant rate without explosion (ignition).
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It is extremely important to note that the presence of hydrogen both in the chips and in the surface
being treated was recorded during the cutting of metal in any hydrogen-containing medium, even in water [1,
2]. However, the concentration of hydrogen in the metal when the latter is being processed in the medium
with the addition of a polymer is approximately two orders of magnitude higher than in the low molecular
weight medium. It is this fact that accounts for the significant advantage of LCTM with polymer additives
associated with the specific thermal decomposition of the polymer macrochain. This makes it possible for the
cutting zone to obtain a large concentration of a weakly ionized gas consisting of molecular and atomic hy-
drogen, as well as ions, radical ions, radicals.

Being an intermediate product, the activated hydrogen-containing gas mixture further penetrates into
the reaction crack. Such a gas mixture continuously enters and accumulates in the space bounded by the
crack tip, crack faces and the tool cutting edge.

It is in this reaction zone that the final formation of a hydrogen plasma takes place. The ionizers of
this process are juvenile catalytically active surfaces, exoelectronic emission, and self-accelerating gas-
discharge processes.

The model of the reaction zone, presented below, is formed during the cutting process between the
tool wedge and the ultramicroscopic region of the metal being processed in front of the crack tip, where high
local stresses are concentrated, causing the formation and movement of dislocations, deformation of the ma-
terial, formation of a microcrack grid and other defects [2].

Taking into account that the kinetics of moving the gas mixture from the hot surfaces of the chips and
tool blade to the reaction crack is controlling its further activation processes, it is important to know about the
micro and macroscopic peculiarities of the elementary processes of transporting hydrogen into the crack space.
In this regard, we consider the situation that develops below the cutoff line, i.e. below the boundary between
the highly deformable material (chips) and the remaining metal mass of the workpiece being processed.

When the area of the tool front surface is pressed, at high speed, into the localized area of the material
being processed, a deformation occurs and propagates in the near-surface layer of the contact zone. It is known
[9] that, when cutting at low speed, especially when processing metal in the annealed condition, a mechanism

with a developed plastic deformation zone is 9 10
most likely. The material region being de-
formed becomes extremely non-uniform,
penetrated by numerous nuclei of cracks and
microcracks. When machining with high cut-
ting speeds, the deformation mechanism along
the shear planes becomes more acceptable.
The emergence of a crack grid in this case is
due to the displacement of the layers of mate-
rial relative to each other, which is the result
of a series of successive displacements of in- Schematic image of reaction zone:

dividual sections of the lattice along the crack | _ cutting tool blade; 2 — metal being processed; 3 — transitional area;
planes. All these macro- and microscopic | 4 — area of elastic deformation; 5 — area of initial motion of disloca-
changes of the metal in the local zone being tions; 6 — area of plastic deformation; 7 — area of subcritical crack
deformed during the mechanical processing of length change; 8 — area of destruction, supercritical crack growth
quasi-brittle metals are ways of accelerated | stage; 9 — juvenile cavities of cracks; 10 — main crack, filled with hy-

penetration of the hydrogen gas mixture into drogen plasma [2] ("positive" (orange) are protons, "negative" (blue)
the reaction crack. are ions, pointers are electrons of conductivity)

The hydrogen gas mixture entering the crack space undergoes further transformations until the formation
of a hydrogen plasma. The increase in the degree of ionization of the gas entering the crack occurs as a result of
two parallel processes: the interaction of hydrocarbon compounds constituting the gas with catalytically active
surfaces [2, 10] and the impact ionization of hydrogen molecules and atoms with electrons emitted at the time of
the breakdown of the interatomic bonds of the body being deformed [2, 11]. Thus, when machining metal by cut-
ting in a surface-active medium, the formation of new surfaces actually plays the role of a trigger device including
the mechanisms for the occurrence of various physicochemical processes and phenomena whose interaction with
the medium causes its self-activation up to the formation of a hydrogen plasma with an intensity of 6x103 pulses
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per minute and the 10° eV energy of electrons emitted during the breakdown of interatomic bonds [12]. The ex-
perimental material obtained in the study of the interaction of various physicochemical processes and phenomena
with the medium indicates the reality of the manifestation of a mechanoplasma effect in this case [1, 2].

Before considering the peculiarities of the processes of transporting hydrogen from the plasma to the
metal fracture zone, it is important to note that the abundance and diversity of the material for studying the metal-
hydrogen system clearly indicate that such displacement is possible only if hydrogen is in the proton state [13].

As already noted, hydrogen is always registered both in the chips and treated surfaces of workpieces
of all metals, without exception, when the workpieces are cut in surface-active media. This means that such a
transition of hydrogen is possible when, in the process of cutting, hydrogen protons under the action of an
electric field created by a thermoelectromotive force acting in the machine-tool-workpiece system, move
from the plasma in the crack space to the tool tip, and then penetrate the tool surface and diffuse into the ul-
tramicroscopic region of the metal, where they affect the processes of restructuring and breaking bonds be-
tween the ions. At the same time, all the processes of transporting hydrogen to the main target, the metal
fracture zone, occur at a rate exceeding the deformation rate.

Although hydrogen has an unusually high mobility in metals, its displacement, during the cutting
process, with a tremendous speed exceeding several meters per second requires special consideration.

In the process of transporting the proton from the plasma to the metal fracture zone, three main stages
can be distinguished: the movement of the proton in the crack space from the plasma to the workpiece surface
zone being deformed, penetration under its surface at the crack tip and diffusion of hydrogen deep into the metal.

The transportation of hydrogen in the first stage (see the figure above) occurs as a result of the proton
interaction with a negative electric charge, which is extremely concentrated in the ultramicroscopic region
where the processes of rearrangement and rupture of interatomic bonds are carried out and, as already noted, is
amplified by an electric field. The emergence of a concentrated charge is due to the fact that in the zone being
deformed, with an increase in mechanical stresses, its effectiveness also increases. A heterogeneous, saturated
with various defects material region at the crack tip impedes the movement of free electrons. That is why the
capture of electrons by traps (defects) contributes to an increase in their concentration in the zone being de-
formed, which allows us to consider this region of material as having a concentrated negative electric charge.

Apparently, later, when the protons come in contact with the surface of the crack tip, the proton flux is
divided into two parts. One moves freely under the surface, and then, transcrystallically, in the bulk of the
metal. The other is captured by structural defects, cleavage steps and other electrically active surface elements
involved in various physicochemical processes [14]. The most important reactions of ions on the surface in-
clude neutralization of protons, accompanied by the release of a significant amount of thermal energy
(100 kcal/mol [15]). It is important to note that the neutralization products are in a state of high excitement and
able to participate in further reactions, while also emitting thermal energy. Thus, due to the narrow focusing of
the ionized hydrogen flux onto the surface of the crack tip (or fracture crack), it is possible to realize there a
high density of thermal energy and, consequently, a parallel course of mechanical and thermal influence on the
bonding forces between metal ions. The combined effect of mechanical and thermal energy on the bonding
forces reduces them, disrupting the structure of the crystal lattice and, as a result, causes a loss of stability of the
chemical compound, a decrease in its strength, and an increase in the processes of deformation and fracture.

With regard to the high rate of diffusion of hydrogen protons deep into the metal, it is apparently pro-
vided by an external electric field caused by the thermoelectric driving force, with the field creating conditions
for the manifestation of the well-known electronic wind effect. The manifestation of this phenomenon is due to
the fact that conduction electrons and hydrogen in the metal actually become bound to each other and, under the
influence of the external electric field, continue joint displacement deep into the metal at high speed [16, 17]. In
the process of ambipolar diffusion, from the stream of jointly moving electrons and hydrogen, some electron-ion
formations will be captured by defects, i.e. traps concentrated in the bulk of the material. Most researchers be-
lieve that the trapping energy is quite large and amounts to several tenths of an electron-volt, which greatly ex-
ceeds the power of the electronic wind [14]. Consequently, during the displacement of hydrogen in the bulk of
the metal, the large intensity of the force field, which is created by the electron shells of metal atoms, is able to
hold some of the protons. In this connection, even a single y — iron atom can bind up to 5 hydrogen protons [14],
which means that the ability of an iron atom to hold a valence electron is weaker than the ability of a hydrogen
proton to bind an electron. As a result, the proton of hydrogen binds an electron and forms an atom (H" +¢”=H),
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and the reaction takes place with the release of high thermal energy. The group capture of protons by traps
causes a concentrated heat release, which is so large that it can lead to the melting of local ultramicroscopic sec-
tions of the metal being deformed. Consequently, in the microvolume of the material, the thermal energy gener-
ated in connection with the contact interactions of electrically active hydrogen particles with an electrically ac-
tive real metal structure increases the frequency of thermal vibrations of material atoms and the probability of
their rupture. Acting in conjunction with the mechanical energy, they enhance the processes of deformation and
fracture, and reduce the energy costs of cutting metal in various hydrocarbon LCTM.

Conclusion

The total energy costs of the process of machining metal by cutting can be significantly reduced if
the process is carried out with constant flushing of a liquid containing a polymer of a certain property and
concentration. Such a result is achieved due to additional thermal energy, which is formed in the material
fracture zone in connection with the realization of the plasma effect.

The macroscopic form of the final manifestation of the surface-active medium influence on the proc-
esses of deformation and destruction of the metal during cutting must be associated not with the generally
accepted interpretation of the adsorption decrease in strength, but with the transformation of the medium in
the fracture zone into a radical-active plasma.

Further interaction of the positively charged hydrogen particles in the plasma composition with the
electrically active real metal structure formed as a result of the mechanical action also affects the deforma-
tion and fracture of metal.
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IIpo BIIINB MaCTHIIBHO-0XO0I0/UKYBATBHUX TEXHOJIOTIYHHX 32c00iB HAa PO3PHB MeTaIy B Ipoueci pi3aHHs
Couko O. 1., Comiko B. O., Cumunuenxo L. I1.
XepcoHChKUI HAITIOHATEHUH TEXHIYHIHN YHIBepcHTET, 73008, Ykpaina, M. XepcoH, Bepucnascebke mioce, 24

Tokazano énaue MacmuibHO-0X0I00HCYIOUUX MEXHONOIYHUX 3ac00i8 HA PYUHYBANHHA MEMAy 6 Npoyeci pi3anHsl.
Bemanoeneno, wjo Hatibinbu eghekmusHUMU NPUCAOKAMU 00 MACIMUTILHO-0XO0I00XHCYBAIbHUX MeXHON02iuHUX 3acobie (MOT3)
€ anighamuyni epanuyHi noimepu — noiiemuieH I ROJIGIHUIXA0pUO. B pamkax yaeneHb npo XIMiuHy akmusayito cepedosuiy, a
MAKoiC NPooNeM, WO HAKONUYUTUCS 3 eKCHEPUMEHMATIbHUX MAMEPIAnie 61ACHUX O0CTIONCeHb, NPOGEOeH] OOCTIONCEHHS 3
SKICHO20 ONUCY YCKAAOHEHUX MOOeel, NO8S3AHUX 3 PEATbHOI0 MIKPOCIPYKMYPOIO MAMEPIATY i KiTbKICHUMU BUMIPAMU Me-
mano-600Hesux cucmem. Pozenanymo pisni achexmu npobiem 6niusy MexaHiuHoi enepeii ma 800HI0 Ha nepeby008y Kpucma-
JYHOT peutimKu i pO3pUBU CUL MIJICAMOMHUX 36 A3KI6, WO GUHUKAIOMb 8 YIbMPAMIKPOCKONIYHUX obaacmsx. Buceimneno nu-
MAHHA KIHeMUKYU 6X00y NPOMOHA 8 2IUOUHY MeMATy 8 CUCeMI Memani—800eHb i 11020 83AEMOOII0 3 Memanom 6e3nocepeoHbo
6 obnacmi nepedy0osu i po3pusy CUl 368'93Ki6 MidC AMOMAMU HA KiHYesULl NPOsI8 6NIUEY cepedosulyd Ha npoyec pisanis. Y
cmammi onucaui npoyecu i A6Uwd, SIKi NPOX00sIMb HUNCHE KOPOOHY MIJNC CUTLHO 0eqhOPMIBHUM MEmanom (CmpysicKkor) i
Peumoio Macu Memaiy 0opoOIo8anoi 3a20moeku ma 0coOOIUBOCMI NPOYECi6 MPAHCHOPMY 60OHIO 3 NIA3MU 8 0CePedOK pYi-
Hyeanus memarny. Becmanoeneno, wo 6 mikpoobcssi mamepiany meniosa eHepeis, wo ymeoplocmuCsi yepes KOHMAaKmHi 63ae-
MOOIi eNeKmpPUYHO AKMUGHUX YACMUHOK BOOHIO 3 CNEeKMPUYHO AKIMUGHOIO DEANIbHOI CIPYKIMYPOIO MEmany, 30i1buye dac-
MOy Meno8UxX KOIUBAHb AmMoMi6 Mamepiany i UMOGIPHICIY iXHbO20 po3pusy. [lilouu ChilbHO 3 MEXAHIYHOIO eHeP2IEI0, BOHU
none2utyioms npoyecu 0epopmayii ma pytunySanHs i SHUNCYIOMb eHepeemuyHi UMpPamuy Ha Pi3anis Memany 6 pisHux gyaie-
600nesux MOT3. Biosnaueno, wo npucymuicms 600HI0 8 CIPYXHCYi i 6 00poOI06aNbHIL NOBEPXHI 6YII0 3aPeECcmpPO8ano nio
yac pizanis Memany 8 0Y0b-sKOMY B0OHEGMICHOMY cepedosuyi, Hasimb ¥ 800i. OOHAK KOHYyenmpayis 600HI0 8 MemaJl, Nio
yac 1020 00podKU 6 cepedosulyi 3 00OABKOI0 NONIMEDY, NPUOIUSHO HA 084 NOPSOKU GUYE, HINC 6 HUSLKOMOJLEKYISAPHOMY.
Came yeti chaxm 3ymoesmoc snauny nepesacy MOT3 3 norimepnumu 0odbagkamu.

Kntouogi cnosa: 600enn, memarn, 06podKa, amom, NPOMoH, MACMUTLHO-0X0N00AHCYBATbHE mexHoRoeiuHi 3acobu (MOT3).
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