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6.2.  Adhesive Wear and Friction Transfer 

Adhesive wear results from the shear of friction junctions. This wear 

mode involves the formation of adhesive junctions, their growth and 

rupture. Belyi et al. noted that the transfer of a polymer is the most 

important characteristic of the adhesive wear of polymer-based 

materials
15

.  

The phenomenon of friction transfer is observed for nearly all 

materials. The consequences of material transfer may be significantly 

distinct.
78-80

 If the small particles of micrometer size are transferred from 

one surface to the other the wear rate varies only slightly. Under certain 

conditions the situations take place such that a thin film of the soft 

material is transferred onto the hard mating surface, for example, 

polymer on metal. If the transferred polymer film is carried away from 

the steel surface and is continuously formed the wear rate increases. In 

the case when the film is held in place, the friction occurs between the 

similar materials which may eventually result in seizure. Spreading of 

the polymer on steel gives rise to an abrupt jump of the friction force but 

the wear changes insignificantly. 

It has been known that under certain conditions the hard material is 

transferred on the soft surface. For example, bronze is transferred on 

polymer. The transferred hard particles are embedded in the soft material 

and act as the abrasive which scratches the parent material. 

Friction transfer attracted a lot of attention in the tribological 

community generating many new concepts and hypotheses.
81

 

Polymers are most susceptible to the friction transfer when rubbing 

both against metals and polymers. As an illustration let us consider 

friction between PTFE and PE.
15

 Experiments were carried on the wear 

tester with the block-on-ring geometry. It has been found that PTFE is 

transferred in the form of flakes of very small sizes during the initial 

period of friction. The thickness of the transferred film increases 

monotonically and then oscillates about a mean value; the magnitude and 

amplitude of the oscillations depend on the test conditions, especially on 

the load and sliding velocity (see Fig. 8). 
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Self-lubricating additives such as PTFE are used to optimize the 

frictional properties of solids.
82

 It is important that the lubricant is 

transferred to the surface of the contact material during sliding reducing 

the interfacial shear stress and friction coefficient. 

Figure 9a shows the well-known schematic representation of the 

semi-crystalline nature of PTFE.
6
 There are lamellae of crystalline layers 

with amorphous regions between them.  

Figure 9b illustrates the AFM image of the PTFE surface after 

friction tests. Crystallites are clearly seen on the friction surface. They 

are disordered which proves their free motion occurred during friction. 

Therefore, the presence of free slices governs the reduction of the  

friction coefficient and frictional transfer for the materials filled with 

PTFE. 

One more consequence of the polymer transfer is a change in the 

roughness of both surfaces in contact. The roughness of polymer surface 

undergo large variation during the unsteady wear until the steady wear is 

reached, while the roughness of the metal surface is modified due to the 

transfer of polymer.
83

 

 
Fig. 8. Thickness of transferred film of PTFE as a function of friction duration (load = 

0.05 MPa, sliding velocity = 0.35 m/s). 
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Fig. 9. a) Microstructure of PTFE; b) AFM-image of PTFE friction surface. 

6.3.  Fatigue Wear 

The fatigue is known to be a change in the material state due to repeated 

stressing. Its characteristic feature is the accumulation of irreversible 

changes, which give rise to the generation, and the development of 

cracks. The similar process takes place during friction being named the 

friction fatigue. Unlike the bulk fatigue, it spans only the surface and 

sub-surface regions. It has been known that the fatigue cracks are 

initiated at the points where the maximum tangential stress or the tensile 

strain takes place. The theoretical and experimental studies show that 

under the contact loading the maximum tangential stress position is 

dependent on the friction coefficient. 

With low friction coefficient, the point where the shear stress is 

maximal is located below the surface ( f < 0.3). When the friction 

coefficient increases ( f  > 0.3), the point emerges on the surface. On the 

other hand, if a solid is subjected to a combination of the normal and 

tangential loading, the surface and sub-surface regions appear where the 

tensile strain and thereby the frictional heating occurs. Therefore, the 

cracks may be nucleated in surface and/or below it.
26,27

 

The initiation of the fatigue cracks is assisted by the defects, which 

are responsible for stress concentration. These are the scratches, dents,  
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marks and pits on the surface, and impurities, voids, cavities in sub-

surface region. Both the surface and sub-surface cracks which open due 

to the repeated stressing will gradually grow, join, cross each other and 

meet the surface until the wear debris are detached after a certain number 

of the stressing cycles. 

The fatigue wear rate is dependent on the numerous factors: physical, 

mechanical and chemical properties of solid surface, lubricant, 

environment, surface quality, temperature, etc. Although the friction 

force is decreased by lubrication and hence the tensile stress drops, the 

fatigue wear occurs and a number of cycles to the surface damage 

increases insignificantly. 

6.4.  Frictional Behaviour of Polymer Materials with Nanofillers 

The reported data evidence a strong influence of nano-additives on the 

structure and properties of polymers. One of the most useful results 

achieved with the nano-dimensional fillers is increased mechanical 

properties (mechanical strength, modulus of elasticity) of polymer 

materials. This is especially pronounced with nanoclays and carbon 

nanomaterials.
84,85

 It is clearly proved at relatively low contents of the 

nanofiller. One of the main reasons for this is strong adsorptive 

interaction of macromolecules with rather developed filler surface, and 

also polymer transition to some particular conditions with constricted 

molecular mobility. The increased cohesive strength of the polymer 

binder can result in the improved tribological properties of the 

composites such as the abrasion resistance and resistance to fatigue wear. 

The nano-particle fillers can markedly raise the heat distortion 

temperature (HDT) of polymer materials. For example, in the case of 

Nylon 6, HDT under loading increases from 65
o
C for the pure polymer 

up to 152
o
C for the nanocomposite containing montmorillonite (MMT) – 

14.7 wt %.
86

 An increase in heat resistance is also typical of non-polar 

polymers. For PP, for example, HDT rises from 109
o
C up to 152

o
C at a 

clay content of 6 wt %.
87

 As the high temperature may develop in the 

friction contact zone, a rise in HDT must be favourable for tribological 

characteristics. 
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It was found that clay added to polymer materials enhances their heat 

resistance as well as the thermal resistance including the resistance to 

thermal-oxidative degradation.
84

 The nanoparticles prevent oxygen from 

diffusion into the polymer and escape of the volatile products of 

thermolysis. It was also noticed that prolonged heating of a 

nanocomposite can strengthen the barrier quality owing to the backing of 

a silicate in the surface layer of the sample and result in a networked 

structure.
88

 

The inhibitive action of fullerenes and carbon nanomaterials with 

respect to thermal and thermal-oxidative degradation of polymer 

materials has been studied and is still under intensive study.
89,90

 

Fullerenes are electrophilic being the active acceptors of electrons. They 

tend to accept nucleophilic reagents and also hydrogen, free-radical and 

carbenoidal particles. Therefore, fullerenes present in the surface layer of 

rubber must influence the course of the tribochemical transformations 

and consequently the friction parameters. 

At strong adsorptive interaction of nanofillers and macromolecules 

the molecular mobility becomes abruptly frozen in the polymer 

amorphous phase. The functional groups in macromolecules become 

blocked by the interaction with the filler surface.
84

 As a result, the 

obstacles are created that prevent from adhesive interaction with the 

counterface, and the adhesion component of friction force decreases. 

The presence of nano-particles within a friction contact may influence 

the processes of the mass transfer, the accumulation of static electricity, 

the heat transfer on individual sites of contacting surfaces, the creation of 

real contact areas, etc. 

Thus, effects of nano-fillers on the tribological properties of polymers 

can alter both bulk and surface properties of the materials. 

7. Conclusions 

A widespread interest in plastics has grown in the mid twentieth century 

due to the features of their structure, specific mechanical behavior, and 

considerable possibility to change the polymer properties. But, creep 

behavior of polymers (strong dependence of their properties on 

temperature), low heat conductivity, and sensitivity to the environment 
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often posed the numerous problems. The extensive studies over many 

years have developed the field of modern engineering in which the 

plastics can be applied as tribological materials, more commonly in  

the form of coatings and solid lubricants. The latter are used either in  

the pure form or as the composites or laminated structures.
91

 The  

thin polymer films, e.g. self-assembled monolayers formed by the 

chemisorption and physisorption of organic molecules (polymers) are 

prospective boundary lubricants in the fast-growing area of the memory 

storage devices, the microelectromechanical systems and other precision 

mechanisms.
92,93

 

Further progress in the field of friction and wear of polymers and 

their composites should be based on solving a number of the important 

problems which will allow us to establish more refined mechanisms 

which occur in the working surfaces of friction pairs. It appears 

important to study the structural changes at molecular level in the surface 

layers, and to investigate the tribo-chemical reactions. It is also important 

to find the methods of controlled regulation over the structure and 

frictional properties of polymers, based on the physical premises and 

concepts. 

It is clear that the progress in engineering will provide many new 

opportunities in applications of plastics and therefore research in their 

mechanical and tribological behavior will be a challenging and fruitful 

field of science and technology. 
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