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Abstract: Application of the phenomenon of self-organization for the development of wear resistant
materials has been reviewed. For this purpose the term of self-organization and dissipative structures
as applied to tribology have been discussed. The applications of this phenomenon have been shown
in order to develop new wear resistant- and antifriction materials. Specific examples have been
shown for the application of the self-organization phenomenon and the generation of dissipative
structures for the formation of tribotechnical materials with enhanced wear resistance for current
collecting materials and antifriction materials of bearings.
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1. Introduction

Over the past several years there have been many scientific publications regarding the application
of nonequilibrium thermodynamics and the theory of self-organization in tribology, for instance [1–16].
Normally articles on nonequilibrium thermodynamics as applied to friction are divided into two
types. One type of articles is typified by the detailed description of the theory without any practical
recommendations and without any possibility of its practical application. The second type of articles
is characterized by the detailed description of relevant experiments mentioning that the results of
such experiments correspond to nonequilibrium thermodynamics. What is common with these two
types of articles is lack of recommendations for the application of nonequilibrium thermodynamics,
for instance, for the development of wear resistant materials, as well as their lack of explanations
as to what the authors believe self-organization means. For example, in [1] it is declared that the
phenomenon of self-organization exists in tribosystems, and it is concluded that surface energy is one
of the most important parameters in self-organization of tribosystems. However, the authors of [1]
fail to define what self-organization actually means. In [9] nonequilibrium stationary distribution of
work performed by external forces over a mesoscopic system with multiple degrees of freedom is
reviewed. The recommendations for applying the results achieved are not presented in [9]. In [10] it is
proposed to use the second law of thermodynamics in order to determine the tribosystem’s degradation
(accumulation of defects and damages). The degradation is determined by growth in entropy, while
production of entropy is determined by the velocity of accumulation of damages. However, the article
does not review the phenomenon of self-organization which results in deceleration of the degradation.
In [2] it is emphasized that self-organization leads to the reduction in friction force and intensity of wear,
and that to proceed with self-organization, the tribosystem is required to lose thermodynamic stability.

Entropy 2016, 18, 385; doi:10.3390/e18110385 www.mdpi.com/journal/entropy

http://www.mdpi.com/journal/entropy
http://www.mdpi.com
http://www.mdpi.com/journal/entropy


Entropy 2016, 18, 385 2 of 13

However, in [2] there is not a single definition of self-organization. In [3], based on the results of
testing various lubricants, the authors chose a lubricant which ensured the lowest wear intensity. This
action of the lubricant is associated with self-organization. However, Barszcz et al. [3] does not explain
what self-organization means and how this phenomenon relates with the reduction of intensity of
wear. The authors in [6] correlate self-organization with the change in friction ratio without explaining
what self-organization actually means. Nosonovsky et al. [15–17] suggested to use the phenomenon
of self-organization in tribology, in particular, in order to form biosimilar tribotechnical materials.
Self-organization is determined as formation of order in nonequilibrium conditions. The authors of
this description offered the same definition for dissipative structures in [18]. Despite the correctness of
this definition, it is not clear as to how it may be used in order to develop new materials.

The authors have been developing new wear-resistant materials, using the results of the use of
non-equilibrium thermodynamics and the theory of self-organization to tribology more than 30 years.
The article presents some of the results of our work in this area. This article attempts to describe the
phenomenon of self-organization in order to apply the same for the development of new tribotechnical
materials. The article will show the examples of formation of such materials.

2. The Physical Meaning of the Self-Organization Phenomenon as Applied to Friction

In [19] self-organization was defined as a process of formation of dissipative structures. Therefore
this section discusses the notion of dissipative structures. The term “dissipative structures” was
conceived by Prigogine [20], who presented dissipative structures as consisting of big fluctuations
using the example of a fluid’s flow velocity profile. At a deviation from equilibrium fluctuations are
not stable around the equilibrium state [18,20]. Formation of fluctuations is accompanied by a growth
of free energy or negative production of entropy. After this, the system returns to the state with less
free energy. In the tribosystem, thermodynamic equilibrium may only be achieved where there is
no friction. In a steady-state with linear dependency of thermodynamic flows on thermodynamic
forces production of entropy—according to Prigogine’s theorem—is minimal. The terms of Prigogine’s
theorem can only be achieved under relatively mild friction conditions, i.e., at a low sliding speed,
low clamping force, etc. The stationary state of a tribosystem in which Prigogine’s theorem applies
can be considered as thermodynamically stable. The increase in sliding speed, pressing force or other
parameter of friction leads to the removal of the tribosystem from equilibrium. A curve which describes
such a state in a phase space depending on the changing parameter is called a thermodynamic branch.
If removing of tribosystem from equilibrium is accompanied by the action of the Prigogine’s theorem,
the states on the thermodynamic branch are thermodynamically stable. However, after a certain critical
value of the parameter, the system’s state can become unstable. Any negligibly small perturbation can
then deviate the system from a thermodynamic branch (a catastrophe).

Thermodynamic stability of a nonequilibrium state is determined by the following condition [18]:

1
2

d
dt

(
δ2S

)
= ΣδXnδJn ≥ 0 (1)

where δ—fluctuation; Xn, Jn—thermodynamic forces and flows, correspondingly; S—entropy; t—time.
The sum in the right hand side of Equation (1) is called excessive production of the entropy. The values
δXn and δJn are fluctuations of the corresponding flows and forces in steady-state conditions.

In [21] it is shown that as the number of interacting thermodynamic flows increases the
probability of a loss of thermodynamic stability of the tribosystem increases. Hence, the probability
of self-organization grows. Taking into account only pair interactions of n flows with each other the
probability (P) is:

P = 1 − 1
2n

(2)

If inequality is apparent at the beginning of the disturbance (1), this condition is stable. However,
during certain processes or under the influence of various processes, one can get a negative contribution



Entropy 2016, 18, 385 3 of 13

leading to excessive production of entropy which grows as the disturbance grows. In this case this
condition can become unstable (positive production of entropy is a sufficient but not mandatory
condition of instability). Only after going through instability can the self-organization process begin.

The new regime which is installed in the system can correspond to the orderly condition,
i.e., it can have entropy which is lower than the chaotic condition one. In this case bifurcation
takes place at the critical point (emergence of a new parameter at the critical value for solving the
equation). As a result, a new branch of solutions emerges. Prigogine proposed naming such ordered
configurations, which emerge outside of the scope of stability of the thermodynamic branch, dissipative
structures [20]. The choice of solution by the system which emerges in the bifurcation point, i.e., the
process of formation of dissipative structures, is called as self-organization. Just as any fluctuation
dissipative structures are generated spontaneously and in a surge mode. This means that the relevant
physical-chemical process characterizing dissipative structures starts as an avalanche. This corresponds
to a catastrophe on a thermodynamic branch.

A great number of publications have been devoted to the theory, experiments, and description of
such structures. This is why here we will not describe any specific structures, but will rather refer to
certain general results.

Only nonlinear equations can have more than one solution. Therefore bifurcations—and
henceemergence of dissipative structures—can only take place in a system in which the processes are
governed by nonlinear laws.

The analysis of the known processes of self-organization, for example, during the formation of
Benar cells [18] or Turing structures [22], shows that the formation of dissipative structures is only
possible as a result of interaction of two or more processes. The analysis of stability condition validates
this (1). In [23] it is shown that the loss of stability of tribosystem is impossible when accounting
for one process only. Entropy of an equilibrium condition is maximal. If one excludes the factors
supporting nonequilibrium condition, then such system will transit to an equilibrium condition. Such
a spontaneous transition will feature positive entropy production. Thus, other factors being equal,
the entropy of a nonequilibrium condition of the system is less than the entropy of its equilibrium
condition. This is true for the formation of dissipative structures. The process of self-organization
(formation of dissipative structures) is abrupt, not gradual, therefore the boundary conditions and the
flow of entropy are not changed. Hence, as the entropy is reduced so should the production of entropy.
This corresponds to the assertion in [19] that after formation of dissipative structures in the system,
production of the entropy is lower than under the same conditions but without self-organization.
Production of entropy is reduced due to intensive processes characterized by the increase of free energy,
i.e., negative affinity. Such processes feature negative production of entropy. This does not contradict
the second law of thermodynamics as the overall production of entropy remains positive.

Reduction of production of entropy does not always mean the formation of dissipative structures.
For instance, during the formation of a gradient of temperatures in a mixture of two gases the diffusion
can take place towards increasing the gradient of concentration. At the same time, the entropy will
reduce [20]. Such a thermodiffusion is a result of linear processes: the variance of concentrations is
proportional to the variance of temperatures. The variance of concentrations is formed gradually
from the mixture, not as a surge, which is the case of self-organization. Besides, during diffusion
molecules move regardless of each other, i.e., the process of diffusion is chaotic in this sense. Thus,
thermodiffusion is not a self-organization process.

So, why is self-organization interesting for friction processes? According to de Donder [24], any
change in the entropy in an open nonequilibrium system

(
dS
dt

)
consists of the flow of entropy deS

dt

(interface with a medium) and the production of entropy diS
dt (processes inside the system) [23]:

dS
dt

=
deS
dt

+
diS
dt

(3)
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At the same time, the flow of entropy of one body under friction consists of flows of the entropy
relating with exchange between energy and substance:

deS
dt

=
dehS
dt

+
demS

dt
−

∣∣∣∣dewS
dt

∣∣∣∣ (4)

where: dehS
dt —flow of the entropy relating with exchange of heat; demS

dt —flow of the entropy relating
with the flow of substance from a medium into the body under friction; dewS

dt —flow of the entropy
relating with wear of the body under friction.

The negative sign before the flow of entropy relating with wear means that the substances leave
the body under friction with their own entropy.

Production of the entropy of one body under friction consists of a part connected with dissipation
of energy during heat transfer and deformation, dihS

dt and the part relating with physical and chemical
processes that take place in the surface layers, dicS

dt . Thus, production of the entropy in (3) equals:

diS
dt

=
dihS
dt

+
dicS
dt

(5)

In this case (3) will look as follows:

dS
dt

=
dehS
dt

+
demS

dt
−

∣∣∣∣dewS
dt

∣∣∣∣+ dihS
dt

+
dicS
dt

(6)

In a steady-state condition ( dS
dt = 0):

dewS
dt

=
dehS
dt

+
demS

dt
+

dihS
dt

+
dicS
dt

(7)

Entropy is an additive value therefore, other factors being equal, the greater the value of dewS
dt , the

higher the intensity of wear. Based on Equation (7) it can be concluded that, other factors being equal,
the intensity of wear is reduced as the production of entropy decreases.

It was earlier mentioned that during self-organization production of entropy is reduced, hence
the intensity of wear is also reduced. Due to this, the phenomenon of self-organization represents
interest to tribology. It should be noted that during a self-organization the process with negative
entropy production appears as an avalanche. Part of the energy of friction is spent on the processes
with negative entropy production Thus, during self-organization, part of the friction energy that could
be spent on wear, is spent on the passage of the process with negative entropy production contributing
to a reduction of the wear rate. Avalanche-like appearance of such a process leads to a finite value of
negative entropy production, the positive part of the production of entropy does not change in this
case. If the process with negative entropy production would gradually appear, then at the same time it
has increased the positive part of entropy production. Other things being equal, entropy production
and the rate of wear at the same time would always be greater than an avalanche-like occurrence.
This also differs the self-organization from a gradual process, for example increasing the break-contact
area under running-in.

Despite the fact that during self-organization the intensity of wear decreases, not every case of
the decrease of intensity of wear can be attributed to self-organization. For instance, the decrease of
intensity of wear takes place during a “mechanical” run-in process where an area of contact is increased
and the pressure in that contact is reduced. Such “mechanical” run-in process is characterized by
gradual reduction in the intensity of wear. In case of self-organization the intensity of wear is reduced
in an abrupt fashion.

The difference between a gradual and abrupt (self-organization) decrease in the intensity of wear
is shown using the example of different types of schematic dependencies of wear and wear rate of the
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friction distance on Figure 1. Figure 1 shows typical dependencies of wear and the intensity of wear of
the friction distance without self-organization (Figure 1a,b) and with self-organization (Figure 1c,d).
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Figure 1. Typical dependencies of wear and intensity of wear during run-in period; (a,b) without
self-organization; (c,d) with self-organization.

In the case where there is no self-organization, the wear (Figure 1a) and reduction of the intensity of
wear (Figure 1b) are shown by smooth and gradual curves. In the case where there is self-organization,
the wear is shown as a broken curve (Figure 1c). Reduction in the intensity of wear in the case where
there is self-organization is abrupt (Figure 1d) in the breaking point of the wear curve.

For dependencies shown in Figure 1a,b, the increase of the contact area, reduction of pressure
and intensity of wear take place due to the wear and plastic deformation in a gradual manner. At the
same time, no new physical and chemical processes emerge. For dependencies shown in Figure 1c,d,
the break on the wear curve (Figure 1c) is caused by the emergence of a new physical and chemical
process which, prior to that could only be an unstable fluctuation. This process is accompanied by
negative production of the entropy. The abrupt reduction of intensity of wear in Figure 1d points
to an avalanche-like emergence of a physical-chemical process with negative entropy production.
This process is dissipative structures. Such real broken dependences are described, for example, for
cutting tool [25,26]. In [25,26] and in Figure 1c,d friction conditions allow passage of self-organization,
i.e., the thermodynamic stability of the tribosystem may be lost under these conditions. The loss of
thermodynamic stability, therefore, and self-organization are stochastic processes (due to the fact that
compliance with the conditions of Lyapunov’s theorem) is necessary but not sufficient) [20]. Thus,
for tribosystems [25,26] (Figure 1c,d) the only possibility to lose thermodynamic stability appears.
Therefore, in spite of compliance with the necessary conditions of stability loss from the beginning
of friction, self-organization (the breaking in the curves) occurs after a sliding distance has been
traveled. That is not self-organization since the beginning of friction (Figure 1c,d) shows that on the
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dependence of the wear (wear rate) on the friction parameter in [25,26]—a cutting rate bifurcation
is possible. One branch after the bifurcation point (thermodynamic)—a characteristic dependence
before the inflection point (Figure 1c,d). The second branch (dissipative structures) is a characteristic
dependence after the inflection point (Figure 1c,d). An example of physical-chemical process with
negative entropy production is precipitation of tin from a solid solution based on copper during the
friction of a tin-lead bronze as described in [27]. This precipitation of tin from a solid solution based on
copper contradicts the equilibrium phase diagram of Cu-Sn. Hence this is not a spontaneous process
which is characterized by the negative production of entropy. The friction does not directly initiate
precipitation of tin from this solid solution. The friction in this case directly initiates deformation, wear,
heating, heat conductivity, etc. Precipitation of tin from the solid solution may be the result of the
interaction of these processes. Importantly, precipitation of tin from a solid solution is a probabilistic
process, i.e., it may or may not take place under the same conditions (clamping force). If tin is not
precipitated the scoring load would amount to 980 N, while in the case of the precipitation of tin it
would amount to 1441 N. Thus, bifurcation appears to depend on the friction coefficient of the load.
The listed characteristics suggest that the process of the precipitation of tin from a solid solution is
a dissipative structure. Despite the fact that instability invariably precedes to self-organization, the
reverse assertion is not always true.

On the basis of classical works by Prigogine and our experience in research of self-organization
during friction the characteristics of self-organization in this case are formulated below:

1 Self-organization can only take place after the tribosystem loses its thermodynamic stability in a
nonlinear zone. Various mathematical models of stability loss that are not strictly linear cases are
summarized in [23,28–30]. As a result we obtain conditions of loss of thermodynamic stability of
the tribosystem with current collection, recommendations on alloying of coating for the cutting
tool by relatively heavy elements to reduce seizure, recommendations to alloy coating of the
cutting tool with relatively light elements to reduce the wear rate at friction without seizure.

2 In the case of self-organization, a spontaneous, avalanche-like stable and consistent unprompted
process emerges abruptly (a process with the negative production of entropy is a process which
moves in the direction of increasing free energy). In this process a considerable amount of friction
energy was consumed that previously would be spent for wear, so the self-organization usually
leads to an abrupt decrease in wear rate. Abruptness can be explained using the Figures 1d
and 2. The formation of dissipative structures is accompanied by a sharp decrease in wear rate
(Figures 1d and 2 of the “dissipative structures” curve). Curve “dissipative structures” (Figure 2)
has the highest value (at the bifurcation point), and the lowest value of the wear rate. In the
experiments, we were not able to fix the intermediate value of wear rate between the upper and
lower value decreasing an increment of the argument (electric current density). With a decrease
in increment of the argument, we recorded the highest (at the bifurcation point) or the lowest
value of the wear rate. Perhaps the presence of such a “forbidden zone” can serve as a primary
criterion of abruptness in the formation of dissipative structures. During running in (Figure 1b) at
increasing of the contact area intermediate values between the highest and lowest value of the
wear rate can be fixed with a decreasing in the increment of the argument (time).

3 The process (2) is not initiated directly by friction.
4 A nonspontaneous process initiated directly by friction is for example, a wear, deformation,

heating or heat conductivity.
5 A process (2) is a result of interaction of the flows of other processes (5).
6 In the case of self-organization, the production of entropy is reduced as compared with the same

condition but without self-organization, consequently, the wear rate decreases abruptly when
self-organization is observed.
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7 Self-organization is a probabilistic process (a consequence of the fact that the conditions of
Lyapunov theorem are necessary but not sufficient). This can lead to a bifurcation in the
dependence of the wear rate on friction parameters.

8 Process of type (2) is a dissipative structure.
9 Stability of a process (2) is expressed by the preservation (invariability) of the production of

entropy in a certain range of changes of external conditions. Because of compliance with this
condition analytical expression for the lubricating effect of the electric current is derived [23].

10 The more complex system, i.e., the more processes initiated in it can take place, the softer the
conditions of the self-organization process (the probability of loss of thermodynamic stability
by the system is increased). Early manifestation of self-organization results in reduced wear.
Development of the more complex tribosystem can be accomplished through increasing of the
amounts of alloying elements in the friction materials.Entropy 2016, 18, 385  7 of 13 
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The following definitions are put forth:

(1) Self-organization is a process of formation of dissipative structures.
(2) Dissipative structures are a stable, nonspontaneous process with negative production of entropy,

which is not initiated directly by friction, which does not exist before self-organization (except
for fluctuations), which reduces the overall production of entropy as compared with the same
condition without dissipative structures, and which is a result of interaction of dissipative
(spontaneous) processes.

(3) Thus, the physical meaning of self-organization is the following: the portion of energy of friction,
which could be spent before self-organizing has started could lead to the wear rate increase.
Once the self-organization has initiated the energy is consumed by another process. This reduces
the wear rate.
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3. Examples of Practical Application of the Phenomena of Self-Organization in Friction

Based on the definition and attributes of self-organization it may be concluded that in order to
reduce the intensity of wear it is necessary to perform at least one of the following three actions:

- Shifting self-organization of the tribosystem to softer conditions of friction;
- Intensification of nonspontaneous processes which characterize dissipative structures;
- Increasing complexity of the tribosystem, for example, by way of complicating the

alloying process.

The intensity of wear normally grows as any friction parameter becomes more stringent. It can also
grow constantly over time or during the run-in period. Therefore a shift in self-organization towards
softer friction conditions results in the reduction of integral wear. As an example, let’s use a tribosystem
with a current collecting material, a sliding electric contact of the current collecting material—a contact
wire of an electrified rail transport. The interacting materials are a copper contact wire and carbon
current collecting materials based on charred coal. In [31] the possibility of nonspontaneous chemical
reactions on the surface of copper during friction is shown:

4Cu + CO2 = C + 2Cu2O (8)

2Cu + CO2 = C + 2CuO (9)

The reactions (8) and (9) are typified by negative affinity in the range of temperatures from 298 K
to 2000 K (Table 1).

Table 1. Affinity of the reactions (8) and (9) [26].

Reaction
Affinity (kJ/mol)

T = 298 K T = 1000 K T = 2000 K

(8) −102 −200 −342
(9) −269 −271 −477

In [32] it is shown that the reactions (8) and (9) can serve as the mechanism of self-organization in
a sliding electrical contact. Figure 2 shows the dependencies of the intensity of wear of a carbon current
collecting material on the density of electric current. The bifurcation point is shown, out of which
develops a thermodynamic branch, as well as the branch of dissipative structures. The experimental
procedure and tests described in [30].

Two samples of current collecting material slide on a ring of copper wire of 600 mm diameter.
The width of the wire is 6 mm, and the rotational speed of the ring is 200 rotations/min. Between
the sample and the wire an electric current is formed. Wear of the current collecting materials was
determined by their decrease in weight. Wear of the wire was determined by the change in the diameter
of the wire.

In [30], based on studies of the friction surfaces of sliding electrical contacts specific to different
areas of dependence Figure 2 indirectly confirmed the reactions (8) and (9) on the curve “dissipative
structures”.

The main nonspontaneous stage of the reactions (8) and (9) is the decompounding of CO2 which
is adsorbed on copper into oxygen and carbon. In [33] it is emphasized that in the presence of natural
graphite the temperature of the start of the decomposition of the CO2 reaction is reduced.

This is why a current collective material based on natural graphite has been manufactured.
The dependency of intensity of wear of this material on the density of electric current is shown in
Figure 2, which suggests that before the bifurcation point, the intensity of wear of the current collecting
material based on charred coal was approximately 30 times higher than the intensity of wear of the
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current collecting material based on natural graphite. After the bifurcation point this variance can
grow and in the case of the formation of dissipative structures it can decrease sharply. It needs to be
understood that hardness of the material based on charred coal is twice as high as the hardness of the
material based on natural graphite. Thus it has become possible to significantly reduce the integral
wear of the current collecting material by shifting self-organization to the relatively softer conditions
of friction.

The second option for reducing the intensity of wear is intensification of nonspontaneous processes
in dissipative structures. As applied to sliding electric contacts this implies an increase of velocity
of the reactions (8) and (9). Increasing the reactions’ velocity enables an increase of absolute value
at the negative part of the production of entropy and to reduce the overall production of entropy in
Equation (7). In order to increase the reactions’ velocity it is proposed to use a catalyst [34]. This should
result in a reduction of the wear intensity.

According to [35–38] the simplest catalyst of the CO2 decomposition reaction may be iron.
The mixture of the current collecting material based on charred coal has been infused with three
types of powders: steel powder, iron powder, and coppered iron powder. The experimental procedure
and tests were described in [30].

Figure 3 shows dependencies of wear of the copper counterbody at the current density of
10.7 A/mm, which corresponded to the “dissipative structures” of the curve in Figure 2. Figure 3
suggests that the coppered iron powder has little influence on the intensity of wear, the steel powder
reduces the intensity of wear by about half, while the iron powder reduces the intensity of wear by at
least ten-fold. The wear rate of the collector material behaved similarly. Thus, the use of a catalyst for
accelerating the processes with negative entropy production leads to a decrease in wear rate. There
are tribosystems in which you need to increase the intensity of wear, for example, when machining
parts. It was demonstrated [39] on a purposeful use of a catalyst accelerating the processes of positive
entropy production for the grinding of artificial diamonds was demonstrated.
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probability of self-organization is exemplified by the development of new antifriction aluminum
alloys. Conventional antifriction aluminum alloys contain 2–4 alloying elements, for instance, the
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alloys Al—20% Sn—1% Cu or Al—10% Sn—2% Pb—1% Cu [40]. During the development of new
antifriction alloys 7–9 alloying elements have been used simultaneously. The chemical compositions of
antifriction bronze, the known aluminum alloy AlSn20, and the new antifriction alloy are shown in
Table 2.

Table 2. Chemical composition of alloys for friction tests.

Alloy
Content of Elements, wt %

Sn Pb Cu Si Zn Fe Ti Ni Mn Mg Al

Bronze 4.15 17.10 Residual - 4.08 - - - - - -
AlSn20 19.85 - 1.12 - - 0.09 0.04 - - - Residual

New alloy 9.82 2.52 4.47 0.64 2.41 0.13 0.03 0.05 0.03 1.23 Residual

Tests were carried out according to the procedure described in [27]. The tests were conducted on a
friction machine in a “shoe-and-roller” design. The oil was kept in a special bath where the lower part
of a rotating steel roller was permanently dipped. The shoe was made of aluminium alloys. The corner
radius of the working surfaces was 20 mm; the shoe’s length was 10 mm. The counter-body was
shaped like a roller and manufactured from steel 1045. The rollers were 40 mm in diameter and 10 mm
wide. The working surface of the rollers was polished before testing. The rotation speed of the rollers
was 500 rpm.

The intensity of wear of the alloys and the steel counter-body has been shown in Figures 4 and 5,
respectively. As a result of the complication of alloying, the intensity of wear of the new antifriction
alloy has been reduced approximately 1.5 times, while the intensity of wear of the steel counterbody
has been reduced approximately six times. Besides, it has been possible to reduce the contents of tin in
the aluminum alloy by half. The breaks are marked with abrupt changes in the coefficient of friction on
the dependence of the friction coefficient on load of new anti-friction aluminum alloys [41]. The best
anti-friction alloy has six sections of reduced friction coefficients corresponding to the time of formation
of new secondary structures. The ability of multi-component alloy to adapt to changing frictional
conditions is related, in our opinion to high probability of loss of thermodynamic stability in accordance
with Equation (2). Therefore, multicomponent alloys have a high ability to self-organize. This results
in improved tribological properties in comparison with the alloys with less complex alloying.
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4. Conclusions

The properties, attributes, and definition of self-organization during friction have been shown
and presented. The examples of developments of new wear resistant- and antifriction materials have
been shown, along with the application of the phenomenon of self-organization. Self-organization and
formation of dissipative structures leads to lower wear rate.

A self-organization shift under relatively mild friction conditions reduces wear. This is shown
in the examples of the application of a natural graphite for sliding electrical contacts, and by the
complexity of the alloying of antifriction alloys for bearings.

Intensification of physical and chemical processes with negative entropy production on the
friction surfaces reduces the wear rate. This is illustrated by the use of a catalyst for sliding electrical
contacts. Intensification of physical and chemical processes with positive entropy production on
the friction surfaces increases the wear rate. This is illustrated by the use of a catalyst in artificial
diamond machining.

The increase of the probability of loss of thermodynamic stability through the complexity of
alloying allows one to increase the ability of anti-friction alloys to self-organize and improve their
tribological properties.
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