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Abstract:The current state of the issue of restoring the worn surfaces of the machines and mechanisms friction
joints using the mineral tribo-compounds has been considered in the article. The explanation for the lack of the
large-scale development of this activity area has been given. The results of studying the finely dispersed
powders of the serpentine group minerals which form the basis of the friction geomodifiers (FGM) have been
represented. The X-ray diffraction phase analysis has been conducted. The names of substances identified in
the powders according to the International ICDD Spectra Library (USA) have been defined. On the basis of
analysing the XRD patterns of the powders the conclusions have been made. The XRD fluorescence analysis
of the element composition of the powders of eight serpentine group mineral types of the original serpentinite
itself has been carried out. Out of many examined versions of the mechanism of forming the layers of high wear
resistance and the low friction coefficient on the worn friction joint surfaces the main process factors have been
identified. The own version of the mechanism of such coating formation has been expressed.
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INTRODUCTION mechanism of the compound effect on the friction joint

Since the late 80s of the last century in Russia and disclosure of the mechanism are considered in this work.
afterwards in Ukraine, Finland, China, Japan, Germany,
other European countries and continents the technology MATERIALS AND METHODS
of in-place repairing the internal combustion engines (ICE)
of the power transmission units and  hydraulic  equipment For the research purposes the methods of the XRD
of a variety of machinery and equipment in the civil and structure, XRD phase and XRD fluorescence analysis of
military sectors using the finely dispersed powders of the the substance composition have been used. For this
serpentine group minerals [1 - 5], under the general name purpose such modern devices, as tribometers TTRB-S-DE
of repair and rebuilding compounds (RRC) or RRC and TRB-S-DE, spectrometers of the EDX-720, XRF 1800
additives has begun to spread. and MXF 2400 model of the Japanese firm Shimadzu have

Despite this nowadays there is no large-scale been used. While analysing the XRD patterns the Spectra
implementation of these additives. One of the reasons for Library of the ICCD International Institute (USA) has
this is the absence of the clear description of the been used.

surface. The results of some studies intended to the
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Body. Nowadays lubricants have reached the highest The geomodifiers for in-place repair which are the
quality [6, 7]. However, the limits of its improvement have most commonly used in recent years mainly consist of
been almost exhausted and it does not eliminate the finely dispersed (5 - 40 m) Serpentines powders.
coupling wear which operates in the variable load-speed According to the recent reports of "RealInProject" LLC
and temperature modes  with  short  and  long  intervals (St. Petersburg) its three main varieties are used here:
[8-10]. Therefore, nowadays many researchers pay
attention to the mineral tribo-compounds based on the The microflacky sheet one - Antigorite (35 - 50 %),
Serpentine materials. The fine-fibred one - Chrysotile (30 - 50 %),

Out of the existing 18 Serpentine varieties, Antigorite, The fine-grained one - Lizardite (10 - 3 %) and at the
Chrysotile, Lizardite-1T are primarily used in practice. suggestion of the academician of the Russian
They are defined by the general structural formula Academy  of Natural Sciences V.V. Zuev [13],
Mg [Si O ](OH) , but identified differently through the Lizardite  of  the 1T structural formula should be6 4 10 8

XRD phase analysis. For example, while analysing RRC used.
using the XRD 6000 diffractometer the Spectra Library of
the ICCD International Institute shows up to 12 slightly For triboengineering Magnesium Silicate Hydrate - is
different minerals in it. Serpentine in the form of Chrysotile Asbestos, or

In general, Serpentines - the basis of the friction Chrysotile - two-layer sheet or microflacky one, or
geomodifiers (FGM) in otherwise - its variaties are crucial: Antigorite and

clude a large group of minerals which have the similar Lizardite of the 1T structural formula. Of course, it is
chemical composition, but which are described by hardly possible to introduce these minerals into RRC in its
researchers in different ways: Mg [Si O ](OH) or pure form. 6 4 10 8

While analysing 20 types of the RRC-powder using
(MgOH) [Si O ]H 0, (1) the XRD 6000 diffractometer in the GOSNITI Nanocenter6 4 11 2

where Magnesium could be replaced by Ferrum and Òhe tribo-compositions could include other minerals,
Nickel. surfactants and others. Thus, for the powders of the tribo-

The approximate component composition: MgO - 40 - "RealInProekt" LLC, VIESH SSI between the characteristic
45 %, SiO  - 40 - 44 %, H O - 12,1 - 12,9 %. The combined signals of the basic substances there is the slight2 2

water is released at temperatures of 150 - 300°C, with radiation background, what indicates various inclusions.
destructing the crystal lattice of minerals. For some powders the intensity of the close lines from the

The  more  general  formula  of   the     Serpentine different minerals is higher in two or more times than the
tribo-compounds, which takes into account its variable library intensities for certain substances. 
composition is as follows: (MgO)x(SiO2)y(H2O)z, According to diffraction patterns the following

where x, y, z - are the variables. tribometer:

However, the Serpentinite rock includes both several All powders - are Magnesium, Nickel, Aluminium
Serpentine varieties, the Magnetite, Chromite inclusions Silicate Hydrates with Ferrum, Manganese and some
and a variaty of the associated minerals based on Ferrum, other chemical element inclusions, although
Aluminium, Calcium, Nickel and some other chemical according to the ICDD Spectra Library it also
elements. In Serpentinites from the different deposits all includes Talc, Orthochamosite-10lb, Odinite-1M,
of it "fluctuates" in a large range. Therefore, there is such Chlorite-serpentine (NR). Most compositions are the
interpretation of the Serpentine geomodifier composition monomineral ones with small amounts of other
[11, 12]: compounds.

In the tested powders Antigorite, which is
X Si O (OH) ,  X = Mg, Fe , Fe , Ni, Al, Zn, Mn. considered to be the main by the  RRC-specialists,2-3 2 5 4

2+ 3+

(2) has been surprisingly not identified.

the ICCD Spectra Library shows up to 12 Serpentines.

compositions from "Venture-N" LLC, "ART" LLC,

conclusions  have  been made on the XRD 6000
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One third of powders is the mixtures of up to 10 has been conducted [14]. The results of the received
minerals. The tribo-compositions from "ART" LLC spectrograms processing are presented in the  Table 1.
and "RealInProekt" LLC are particular complicated. As the Table shows, in all the RRC additives the main
The exception is the "RVD" composition, which chemical elements are Magnesium, Silicon and Ferrum. In
mainly consists of the "Lizard 1T" mineral. almost all compositions there are Aluminium, Calcium,
Lizardite 1T submitted by D. Sc. (Geology & Chromium, Manganese and Nickel. The table also shows
Mineralogy) Zuev V.V. as the most tribo-scientific, that the RRC additives from the different manufacturers
has been identified only in 6 of 15 powders. (except pos. 9 and 10) have approximately the same
The VIESH SSI powders of high anti-friction elemental composition. According to the quantitative
properties are a mixture of Liz ardite-1T and Nickel element content these additives are also similar subject to
Silicate Hydrate. The compositions are also identified error. In some compositions, as well as according to the
by two minerals; its diffraction patterns could not be data from the GOSNITI Nanocentre Sulfur, Copper and
defined by a single spectrum. Zinc are presented in small amounts. The manufactures
Two compositions from "Venture-N" LLC are Talc have apparently introduced these elements according to
(Magnesium Silicate Hy-drate) and one - Aluminium their research results. It should be noted that the additive
Silicate Hydrate. from "Technodar" LLC is extremely differed by its
At different research times some difference between elemental and quantitative composition from any other
the diffraction patterns and the phase composition of additives what may be due to the difference of the starting
the same powders has been received. materials.
Out of the chemical elements in the powders Mg is As the Table 1 shows in highest Serpentine from O.G.
dominated and according to the decreasing Pavlov (3.5 billion years) there are almost all elements
concentration Ni, Fe, Al, Ca follow. The presence of shown. But many manufacturers probably use lowest
Ge, Sr, Zn, Cu, S, U in powders is not clear. Serpentinite as the starting materials (3.5 million years). 
Upon various attempts the ICDD Spectra Library In general, the laboratory and production tests
produces different sets of substances for the same performed by the pioneers of the RRS - technology
powder. This makes it difficult to be identified. formed the basis of the conceptually new trend in

At the A.E. Arbuzov Institute of Organic and its nominal values and above in  thermal effects which
Physical Chemistry of the Kazan Research Centre of the occur upon the vigorous friction. For the practical
Russian Academy of Sciences the XRD fluorescence purposes it is important that the coating formation rate is
analysis of the elemental composition of the powders of proportional to the local pressure and the rate of heat
eight RRC additive types and original  Serpentinite   itself generation in the frictional contact spot.

triboengineering - restoring the worn coupling surfaces to

Table 1: Results of the XRD Fluorescence Analysis of the RRC Additives and Serpentinite
Mg Al Si P S Ca Ti

Composition Name % % % % % % %
1 2 3 4 5 6 7 8 9
1 Serpentinite (3.5 Billion Years) 26.4 3.4 30.9 0.8 2.7 1.1
2 Serpentinite (3.5 Million Years) 31.4 1.1 47.7 0.1 0.2
3 Powder for HPFP, STANRUS - NEW TECHNOLOGY ,

Podchufarov S.N. Moscow 38.5 1.9 40.2 0.7
4 Powder for HPFP, "Trigger" LLC, V.G. Ryzhov, Noginsk 36.8 2.6 46.1
5 RRS Composition for Diesel Engines (ART Technology), "Neosphere" LLC, Pavlov, 

O.G. St. Petersburg 32.0 1.6 47.9 3.1 2.7
6 Powder for the Little Worn ICE and Hydraulic Amplifiers, "RealInProject" LLC, Pustovoi, 

I.F. St. Petersburg 30.1 3.2 43.1 4.5 1.7
7 RRS Powder for HPFP (FGM Technol.), "TECHNODAR" LLC, Shchemelev, 

E.A. Petrozavodsk (Suspension in Oil) 14.4 17.2 2.9 37.7 14.7
8 RRS Powder for HPFP (FGM Technol.), "TECHNODAR" LLC, Shchemelev, 

E.A. Petrozavodsk (Sediment) 24.2 1.3 29.4 0.6 9.5 6.6
9 Synthesized Catalyst "Evolution", "Tribotechnology" RIC LLC, Pyatigorsk, Russia, Sokol, S.A. 10.9 57.1 7.1 14.1
10 "MEGAFORS" Lubricant Composition, "Maskart" RPC LLC, Kherson, Ukraine 24.9 69.4
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Table 1: (Continuation Sheet). Results of the XRD Fluorescence Analysis of the RRC  Additives and Serpentinite
Cr Mn Fe Ni Cu Zn Cl

No Composition Name % % % % % % %
1 2 10 11 12 13 14 15 16
1 Serpentinite (3.5 Billion Years) 0.9 0.3 31.9 1.1 0.4 0.1
2 Serpentinite (3.5 Million Years) 0.5 0.6 16.4 2.0
3 Powder for HPFP, "STANRUS - NEW TECHNOLOGY", Moscow 0.7 0.2 16.8 0.9
4 Powder for HPFP, "Trigger" LLC, Ryzhov, V.G., Noginsk 1.5 0.2 11.8 1.0 0.1
5 RRS Composition for Diesel Engines (ART Technology),"Neosphere" LLC, Pavlov, 

O.G., St. Petersburg 0.8 0.4 9.9 1.6
6 Powder for the Little Worn ICE and Hydraulic Amplifiers, "RealInProject" LLC, Pustovoi 

I.F. St. Petersburg 0.7 0.4 14.6 1.7 0.1
7 RRS Powder for HPFP (FGM Technol.), "TECHNODAR" LLC, Shchemelev, E.A., 

Petrozavodsk (Suspension in Oil) 3.6 0.1 0.3 9.2
8 RRS Powder for HPFP (FGM Technol.), "TECHNODAR" LLC, Shchemelev, E.A., 

Petrozavodsk (Sediment) 0.8 0.4 21.9 1.3 4.0
9 Synthesized Catalyst "Evolution", "Tribotechnology" RIC LLC, Pyatigorsk, Russia, Sokol, S.A. 0.3 0.3 5.4 4.7
10 "MEGAFORS" Lubricant Composition, "Maskart" RPC LLC, Kherson, Ukraine 5.7

In general, despite the plausible interpretation of the alternative triboengineering using the FGM-compounds
initial stages of the FGM-tribo-compounds effect by the during the similar processes one of the leading
domestic RRS-pioneers, their concept of the FGM- mechanisms of forming the anti-friction repair and
coatings as the metal ceramic ones ignores the presence restoring  coatings  is  the tribo-polymerization of the
of the considerable amount of carbon in the RRS-film tribo-environment components [16].
which is not in serpentines and the presence of just small
amount of Ferrum and Silicon. These recent data on the CONCLUSIONS
chemical composition of the RRS-coatings under the
studies  in  Finland,  China,  France,  Holland,  Russia Out of many examined versions of the mechanism of
(data by Cand. Sc. (Engineering) Y.G. Lavrov, Cand. Sc. forming the layers of high wear resistance and the low
(Biology) O.G. Pavlov and D. Eng. Sc. V.F. Pichugin) do friction coefficient on the worn friction joint surfaces it
not apparently correspond to the metal ceramics could be inferred that the main process factors are:
formation. pressure and temperature in the local tribocontact point,

The analyses of the FGM-coatings through the the presence of the catalyst element in the tribo-
selective zone diffraction, atomic electron spectroscopy compound, a large amount of heat (energy) emitted during
and confocal Raman-spectroscopy have been also the MMPT destruction at the contact joint of the friction
conducted      on   the   request   of Neosphere    LLC surfaces and triboplazma, grinding particles with its
(St.    Petersburg) by   the   Chinese    and       French abrasive action on the microroughnesses and oxide films,
tribo-laboratories. It has been established, that the main the presence of the organic lubricant oxidation products
constituents of the sheet amorphous FMG-layer formed in the tribo-environment, polycondensation, tribo-
by Hydrosilicates in the processes of pyrolysis and oils polimerization and adhesion on the friction surfaces of
and greases carbonization having the similar physical and some modified through friction components of the friction
chemical characteristics with the  DLC-films  are  Carbon environment, diffusion in other friction surface of others,
(at least 60 - 65% and on the surface up to 100%), Ferrum chemisorption of the thirds [17]. 
(no more than 15 - 17) and Hydrogen. There is less than In       general,    while    using    the     Serpentine
1% of Silicon and there is no Mg. The thickness of the tribo-compound, firstly, the  friction  surface  cleaning
films studied abroad is from 5 to several tens m of the from  the  layers,  oxide  films  and  fragile  deformed
ordered amorphous and crystal structure. Characteristics crystal structures through the abrasive and cavitation
of these films: low friction coefficient, high strength, exposure of the mineral particles upon opening the
micro-hardness, thermal conductivity and corrosion juvenile, catalytic surfaces is apparently carried out. Just
resistance [15]. after grinding the particles and opening the juvenile

Thus, under own various long-term studies of D. Eng. friction surfaces the Serpentine particle conversion
Sc. Y.S. Zaslavsky, his analysis of the foreign ones, as processes and the friction surfaces modification occur
well as our set forth analysis, we could assume, that in the [17].
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Presumably, the formation of the coating of high wear 5. Dunaev, A.V., 2013. The sestemic application of
resistance and low friction coefficient carries out in tribotechnology at all life cycle stages of machines
stages: firstly the surfaces cleaning from dirts occurs, and equipment. Scientific Israel Technological
then electrical and chemical and electrical and physical Advantages, 5(1): 90-94. 
processes carry out, further the formation of the fragile 6. Basu, B., 2011. Tribology of Ceramics and
amorphous coating occur, then its maturation and Composites: Materials Science Perspective. The
hardening by peening are carried out. American Ceramic Society, pp: 522.

In conclusion, it can be noted that the foregoing 7. Iliuc, I., 1980. Tribology of Thin Layer. Tribology
materials are approval and establishment of new Series, Elsevier Science Ltd, 4: 236.
promising trend in the alternative triboengineering with 8. Novak, I., 2006. Study of surface properties of
the solid-phase mineral lubricants generation, naturally polyolefins modified by corona discharge plasma.
came to replace the well-known and long-used in Plasma Processes and Polymers, 3: 355-364.
engineering the traditional solid lubricants such as 9. Kim, J.H., 2008. Surface modification of nafion
Graphite, Molybdenite, Talc, Montmorillonite and Kaolin. membranes using atmospheric-pressure low-
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