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Abstract: 

The increasing use as new structural materials, including special purpose currently, are 

composites based on amorphous-crystalline linear polymers such as polytetrafluoroethylene 

(PTFE). This material has unique antifriction properties, high chemical inertness, thermal and 

cold resistance. The advantage of these materials is in the higher values of their mechanical 

properties compared to amorphous polymers. However, low wear resistance and insufficient 

mechanical properties preclude its use in unfilled form. For PTFE there is a possibility of 

effective purposeful regulation of operational characteristics by filling and structural 

modifying by means of mechanical activation. 

 Key words: 

 Polytetrafluoroethylene, Polymer composite materials, Modification, Supramolecular 

 structure, Mechanical Activation, Filling   

 

 

Introduction – properties of polytetrafluoroethylene 

 

Wide application of polymer composite materials (PCM) based on 

polytetrafluoroethylene (PTFE) in the nodes of friction and compaction of all kinds of 

machines and equipment is due to specific features of its molecular structure and 

supramolecular structure  (SMS), which provide for the implementation of unique 

combination of indices of deformation strength, tribotechnical, anticorrosive, thermo–physical 

and other operational characteristics [1].  

PTFE is one of the amorphous-crystalline polymers with crystallites melting point  

600 K and vitrification temperature of the amorphous phase 153 K; it has a high degree of 

crystallinity; the large number of crystallites  is observed even after quenching (rapid cooling 

starting from melting point) [2]. The material has abnormally low friction coefficient (0,01–

0,04), but it is disposed to cold flow which can be lowered by fillers introduction . 

Despite the unique characteristics of PTFE, it has a number of properties which limits 

its use as a tribotechnical material. These include high tensile creep loading that appears under 

3 MPa of tensile loading at normal temperatures; high thermal-expansion coefficient at 

normal temperatures that changes abnormally at temperature in the range of structural phase 

transitions (temperature range from 280 to 310 K); low thermal conductivity (10-50 times less 

than in metals); low wear resistance under dry friction conditions especially at high sliding 

velocity [3]. 

The heat released in the friction zone due to low thermal conductivity facilitates a 

significant rise of temperature on the friction surface. As a result the physical and chemical 

processes that reduce the strength and stiffness of the polymer are intensified and the linear 
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sizes are greatly increased which can eventually lead to destruction of the friction unit. 

Thereby it is necessary to use methods of PTFE modification. 

 

2. Types of PTFE modification  

 

Modification of polymers is a directional change of physical-chemical, mechanical or 

chemical properties of polymers (fig. 1) [4].  

 

 
Fig. 1. Scheme of the main methods of modification PCM 

 

1. Structural – modification of physical and mechanical properties without changing 

the chemical composition of the polymer and its molecular weight – changing SMS of 

polymer. For example, mechanical activation, shock and wave processing, radiation exposure, 

using magnetic and electromagnetic fields [5, 6]. 

2. Introduction to polymer substances that can interact with it, including high-

molecular (plasticizing, stabilizing, filling). For example, introduction to PTFE various solid 

components [7]; matrix modifying by additions of activators of different size, shape and 

properties [8]; formation of nanopfase matrices with significantly different characteristics [9]. 

3. Chemical – influence on polymer of chemical or physical agents, is followed by 

change of the chemical composition of polymer and (or) its molecular weight, and also 

introduction at a stage of synthesis of a small amount of substance which enters with the main 

monomer in copolymerization or a sopolikondensation. In particular, the synthesis of polymer 

matrices of different composition and structure [10]; composition of polymer and oligomer 

mixture with different levels of interaction [11] etc. 

It should be noted that the industrial implementation of these technologies is 

associated with significant energy, material and labor expenses and requires the managerial 

study of the price – quality relationship. 
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3. The current state and problems of creation antifriction PTFE-materials  

 

To obtain an efficient PTFE–composite, the above–mentioned factors need to be 

considered when choosing the composition of a filler, its dispersity, energy state of the 

surface layer [12] and technology for the activation of ingredients [13, 14], methods of 

combining components when obtaining a composite material and technological methods for 

the formation of PTFE products (patents of Ukraine Nos. 40282, 40959, 40960, 41868, 

42870). 

The properties of composite materials, in addition to the correct choice of filler, are 

largely determined by the obtaining technology that determines the nature of interaction at the 

inter–phase boundary "matrix – filler" and defines the set of properties while forming the 

material [15].  

A positive effect of filling PTFE for improving tribotechnical characteristics is caused 

by the attenuation of intermolecular bonds in a polymer, formation of the optimum structure 

of material, involvement of fillers in the process of friction as inhibitors, and increase in 

workability of the film of friction transfer [16]. 

Paper [17] demonstrated that the modification of amorphous–crystalline polymers by 

means of filling leads to changes in the character and morphology of SMS, and this is one of 

the main reasons for the transformation of properties of a composite.   

The structurally active fillers which are distinguished by extremely small particle 

dimensions are the most interesting in terms of the impact on tribotechnical characteristics of 

PCM [18]. Their use ensures maximal structuring of polymer matrix at the different levels of 

structural organization and obtaining materials with unique properties. 

 

Conclusion 

Uniqueness of PTFE properties, insufficient study of its physical structure and 

properties, insufficient informational content of researches of the interphase phenomena and 

structure-forming processes in case of mechanochemical activation and in the presence of 

fillers, insufficient study of influence of structure, structure and properties and manufacturing 

techniques on tribotechnical characteristics of materials on the basis of PTFE do them urgent 

about objects of further researches. 
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