Electrophysical and strength characteristics of
polychlortricfluoroethylene filled with carbon nanotubes
dispersed In graphene suspensions
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Introduction: It is known that one of the decisive factors that determines the effectiveness of using carbon nanotubes (CNTSs) for strengthening polymer matrices is their uniform

distribution. At the same time, it is shown, for example [1], that the current threshold, determined by electrical conductivity data, shifts to the region of smaller values with a more uniform
distribution of CNTs and correlates with the structural and strength characteristics of filled polymers. In this study, the preliminary deagglomeration of CNTs was performed using ultrasonic
treatment in a dispersion of graphene nanoparticles (GNPS).

Synthesis of graphene nanoparticles. GNP was obtained by secondary

"Intercalation" of electrodes from expanded graphite (EG) foil (according to TU U 26.8-
30969031-002-2002) in an alkaline electrolyte (KOH) of low concentration with a
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Preparation of materials. Deagglomeration of CNTs was carried out by ultrasonic treatment in a dispersion of graphene nanoplates. The GNP content was 0.1 m. f. (mass fraction) to 1 m.
f. of CNTSs, the mass ratio of GNPs to CNTs did not change. Three aqueous systems with a CNTs content of 0.5 (S0.5), 0.25 (S0.25), and 0.125 (S0.125) wt.% were dispersed. The CNT@GNP
suspension was thoroughly mixed with polychlortricfluoroethylene (PCTFE) powder pre-moistened with ethyl alcohol. The resulting dispersion was dried in a rotary evaporator at a temperature of
75 °C. After removing the water, the resulting mixture was poured into a mold and samples were formed at a temperature of 232 °C and a pressure of 5 MPa. In the work, composites with the content
of hybrid filler BNT@GNP from 0.0005 to 0.1 vol. f. were studied (volume fraction (VF)) for each obtained system.

| 10 7 10 s ]
=D - a4 194 7] o 2
| . — 50 1 50 - A 3
-4 - 7 0 - y T y 0 T T " 1a3 7]
400,000 0,004 400,000 0,004
] , -
-6 1 - § - 30 ~ 1,21
2 2 50 30 N
- 20 - 20 - 1,1 -
—! 10 110
| _._ |
N Y— 2
-10 a3 —eo— | 1,0 1
0 —A—3 0 —A—3 , : :
0,00 0,01 0,02 0,03 0,00 0,05 0,10 0,00 0,05 0,10 0,00 0,01 0,02 0,03
Content CNTs@GNP (VF) Content CNTs@GNP (VF) Content CNTs@GNP (VF)
Fig. 5. Dependence of electrical conductivity (c) on the CNT@GNP content Fig. 6. Dependence of the real (¢') and imaginary (&") component of Fig. 7. Dependence of the relative limit of bending strength on the
in PCTFE-CNT@GNP systems: S0.5 (1), S0.25 (2), and S0.125. (3) the complex dielectric constant on the content of CNT@GNP in content of CNT@GNP in PCTFE-CNT@GNP systems: S0.5 (1),
PCTFE-CNT@GNP systems: S0.5 (1), S0.25 (2) and SO0. 125 (3) S0.25 (2) and S0.125 (3).
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Conclusion. itis shown that the joint ultrasonic treatment of agueous mixtures of carbon nanotubes and graphene nanoplates makes it possible to obtain their stable dispersions at a ratio of 0.1
ppm. GNP up to 1 m.h. CNTs and water content of 0.5-0.125% by mass. It was established that the reduction of the percolation threshold in polymer-filled PCTFE — CNTs@GNP systems can be
achieved by reducing the concentration of CNTs in water during ultrasonic dispersion in the presence of GNPs. At the same time, higher levels of electrical conductivity at low frequencies and
dielectric losses at microwaves are achieved with a lower content of CNTs. It is shown that the percolation threshold in the PCTFE-CNTs@GNP system decreases from 0.0048 to 0.00097 volume
fraction when the content of CNTs in water decreases from 0.5 to 0.125%. At the same time, the CNTs content at which the maximum flexural strength values are observed shifts according to the shift
in the percolation threshold. The maximum values of the strength limit will be achieved with a more uniform distribution and stretching of CNTs in the volume of the polymer matrix.
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