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Abstract 
The development of physical principles of production and investigation of conducting polymer 
nanocomposites(PNC) is currently an urgent problem of modern material science. The optimization 
of significant characteristics of those materials advance them to the front among the materials of the 
electric destination. They саn be used in the making the elements of electrical heater, 
electromagnetic shields, strain sensors, electrostatic precipitators etc. In comparison with products 
which are fabricated from metals and ceramics they have a lot of advantages. PNC possess higher 
corrosion resistance and low density. They are easy workable, elastic and fatigue-resistant. The 
manufacturing cost of polymer nanocomposite materials (PNCM) is also low. Traditionally, 
conductive fillers, such as metallic powders, natural graphite, carbon black etc. are used in PNCM 
fabrication. The considerable changes of the percolation threshold (Cc) (Ccis the concentration of 
filler in which the “infinite”cluster is form in polymer matrix and composite material becomes 
conductive) could be caused by dispersion degree and morphology of the filler particles. 
Particularly, Cc  ≈ 34 vol.% for conductive compositions filled with equiaxial particles of micron 
sizes [1]. Usually, the addition of large amounts of fillers to polymers results in low mechanical 
performance of composites. Meanwhile, in a case of PNCMs the value of Cc does not exceed 6 
vol.% [2]. Such concentration and nanodimentionality of a conductive component provide even the 
improvement rather worsening of the mechanical characteristics [3]. 
Besides the morphology and dispersion of the powder particles, the uniformity of their distribution 
in mixture, adhesive ability, compacting conditions and their influence on the structural changes in 
the matrix are the important factors in fabrication of PNCM from powder mixtures. The effect of 
such parameters on the characteristics of fluoroplastic (FP) – thermo-exfoliated graphite (TEG) 
PNCMs are here reported. 
The shape of TEG obtained from the natural graphite by thermal shock is vermicular (Fig.1 a). 
These worms consist of ordered flakes, the distance between which being varied from 10 nm to 
10 μm. The size of the separate fragments is ranged within  several to hundreds nanometers. The 
surface area of TEG is about 50 m2 / g. Mechanical grinding changes the morphology of the 
particles. In a result the density of TEG increases from 15 to about 150 kg/m3with the decrease of 
the particles size to 40 μm. The resistivity of the cell with FP-TEG powder mixturesmeasured 
longitudinally to the pressure direction decreases with the reducing of the dispersion degree (the 
cross-section of TEG particles) to 40 μm, while the percolation threshold increases from (4,9 ± 0,1) 
to 15 vol.%. 
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a) b) 
Fig. 1. The microstructure of thermallyexfoliated graphite: (a) –initial, (b) - after dispersion. 
Such behavior of composite mixtures is caused by a decrease of the TEG ability to form the 
“infinite” conductiveclusters with the rising of the dispersion degree of TEG particles. Besides, the 
rising of graphite dispersion increases the contribution from the particles interfaces to the total 
resistivity. Due to the fact that the dispersion of TEG powder brings the particles form closer to 
equiaxial, the anisotropy of ρ longitudinally and transversally to the powder compacting direction 
decreases. The increase of the compression degree of such powder makes the value of the ρ 
anisotropy low, dependent on the compaction pressure, in the range from 5 to 45 MPa. Compressive 
strength (σpr) of mixtures compacted at P = 45 MPadecreases with the decrease of the size and 
content of TEG particles. The pure TEG has σpr  =  18 MPa , while in a case of FP+TEG PNCMs 
with the content of TEG C = 5 vol.% it drops to 2,5 MPa. At the same time almost twice increasing 
of both the tensile and compressive strength of sintered PNCMs was observed in a case of 
specimens containing the higher dispersed TEG and the optimal concentration of filler about 
20 vol.%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


