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Abstract: This paper presents the new methods of fluoropolymer-based nanocomposites obtaining   from the gas-phase environment and 
evaluation of their operational properties. The main technological method of homogeneous fluoropolymer-based nanocomposites production 
is mixture pyrolysis which contains PTFE block and easily decomposed inorganic ammonium fluoride with the subsequent condensation of 
pyrolysis products. The molecular PTFE composites obtained by this method with TiO2, SiO2, and CoO2 indicated as TFP, SFP, CoFP are 
used as the modifying additives for PTFE to identify their effect on the operational properties of combined micro-nanocomposite based on 
PTFE [1]. 
These micro- nanocomposites containing  metal (Ti, Co), ceramic (Si) nanoparticles and ultrafine PTFE synthesized from the gas- phase 
environment have reduced thermal conductivity and diffusivity ( up to 15+20%), increased heat resistance (up to 25+30°) and wear 
resistance ( in 1.5+4 times) in the abrasive wear as compared with the initial PTFE. 
KEY WORDS: FLUOROPOLYMER-BASED NANOCOMPOSITES, GAS-PHASE MIXING; THERMAL, DIELECTRIC AND 
TRIBOTECHNICAL PROPERTIES; STRONG PLASTIC DEFORMATION. 
 

1. Experimental part 
 
The original technological way to obtain homogeneous 

fluoropolymer-based nanocomposites is the charge pyrolysis 
containing PTFE block and easily decomposed inorganic 
ammonium fluorides (NH4)2F, (NH4)2HF2, (NH4)2SiF6 with the 
subsequent  condensation of pyrolysis products (SFP). 

With the same technology for the charge distillation of PTFE 
(97% weight) and (NH4)2TiF6 (3% weight) at the temperature of 
575°C with subsequent desublimation of ammonia the molecular 
mixture of  PTFE and titanium fluorides (TFP) can be prepared [1]. 

The second method for obtaining fluoroplast-based composites 
is to use the implantation of  fluoropolymer powders of nanoscale 
cobalt-containing clusters(СoFP) to the microparticles. 

The polymer matrix was PTFE suspension (GOST 10007-80) 
for the preparation of composites according to the traditional 
technology. The content of modifying additive (TFP, SFP, CoFP) is 
0.05, 0.1, 0.5, 1.0, 5.0 mass parts to 100 mass parts of PTFE. 

To evaluate the operational rates of polymer composites with 
modifying additives produced by the new technology the following 
tests were carried out in this research: 

- determination of the specific rate of  energy absorption 
depending on the temperature of the samples obtained by upgraded 
differential  scanning calorimeter based on DSC-2 device; 

- while determining the heat resistance and internal stress 
orientation we used the method of charting isometric heating (CIH) 
[2]. For samples production we used the method of strong plastic 
deformation of the material (SPD) in the solid phase [4]; 

- evaluation of the thermal conductivity on the information-
measuring system NDT of thermophysical properties of solid 
materials (IMS NDT TPSM); 

- measurements of the composites dielectric constant were 
carried out with a non-invasive method in flat capacitor, the 
diameter of the measuring electrode is 38 mm. The capacity of 
measuring capacitor is determined using LCR – meter  E4980A 
made by Agilent  company; 

- evaluation of the wear resistance in the mode of abrasive wear 
was carried out on the friction machine MIR-1. 

 
2. Results and Discussion 
The use of physico-chemical methods complex (EPR, RCA, 

RFA, IK, and YMR) allows to determine the composition and 
structure of nanoparticles containing Co, Ti and Si and their 
interaction with the polymer matrix.  

 
 

FIG. 1. a-d. The concentration dependence of the maximum 
absorption rate of energy Wmax made by the device DSC-2 (a), the 
thermal conductivity λ (b), deflection temperature Tmn (c) and wear 
size Ip (d) of the polymer composite PTFE + TFP. Wear Time: 1 - 
20 min, 2-40 min, 3-60 min.  

 
The pattern of changes in all complex of physical and 

chemical properties in the polymer system in the low-percentage 
modifier additives (SFP, TFP, and CoFP) indicates the transition of 
the system from the one-phase  to the two-phase structure (spinodal 
decomposition) and vice versa [3]. The polymer system in the 
extreme point is in a metastable state where there is the highest 
dispersion of modifier additive in the polymer matrix and hence the 
highest homogeneity of the system [4] (Fig. 1. a-d). 

Measurement of dielectric constant in polymer nanocomposites 
samples PTFE+CoFP, PTFE+SFP and PTFE +TFP was carried out 
at frequencies of 20, 50, 100, 200, 500 Hz, 1, 2, 5, 10, 20, 50, 100, 
200, 500 kHz, 1 and 2 MHz spanning frequency range of the LCK - 
meter. 
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Fig.2. The concentration dependence of the composite 
dielectric constant of samples PTFE+SFP(1), PTFE+TFP(2) and 
PTFE+CoFP(3) from  the content of modifying additives SFP, TFP 
and CoFP in the frequency range from 100 Hz to 1 MHz 
 

Figure 2 shows the dependence of dielectric constant ε of the 
polymer system samples from the modifier concentrations in the 
range from 100 Hz to 1 MHz. Extreme  concentration dependences 
of nanocomposites ε of PTFE+SFP, PTFE+TFP and PTFE+CoFP 
from the modifier content were found. There wasn’t frequency 
dependence of ε for all investigated composites of PTFE+SFP, 
PTFE+CoFP and PTFE+TFP. 

Introduction of nano modifiers (SFP, CoFP, and TFP) in the 
amount of 0.05 mass parts to all presented polymer systems results 
in the increase of ε and the decrease of current dielectric index in 
the conditions of the modifier concentration enlargement in 
comparison with the initial PTFE, i.e. results of the permittivity 
study fully correlate with other physical and chemical properties of 
the fluoropolymer nanocomposites (PTFE+SFP, PTFE+CoFP and 
PTFE+DFT) (Fig. 1 a-d). 

According to the received data of thermophysical studies we 
can conclude that nanomodifiers of CoFP, SFP and TFP in the 
concentrations of up to 1 mass parts to the 100 mass parts of PTFE 
strongly increase the interchain interaction of the polymer matrix, 
tightening the composite structure. 

  
The results of thermophysical research, dielectric and 

relaxation properties in the mode of annealing [2] and tribotechnical 
studies  show that there is a correlation between the maximum rate 

of energy absorption in the melting area Wmax, obtained by the 
device DSC-2, thermal conductivity, deflection temperature, 
dielectric constant and wear resistance of the polymer composite 
which allow to manipulate the molecular properties of 
nanocomposites during their processing into the products for the 
various applications (high-frequency insulators, thermal engineering 
products, antifriction products, etc.). 

 
 
3. Conclusion  
 
The main advantage of the created PTFE-based micro-

nanocomposites is the fact that the metal nanoparticles are attached 
to the surface of the ultrafine PTFE particles lose the ability to 
agglomerate and at the same time extremely interact with external 
components of the polymer system, keeping the core complex of the 
physical characteristics to form a certain controlled micro-and 
macrostructures responsible for change of operational rates of the 
final products for various applications. 

In conclusion, this research for the first time determines the 
ability to control the structure and properties of polymer PTFE-
based composites by adding micro nanocomposites including metal 
and ceramic nanoparticles and ultrafine PTFE obtained by 
molecular mixing from the gas phase that gives the ability to spread 
the known method of doping organic and inorganic materials for the 
technology of molecular composite polymers production. 
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