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Introduction

Composites of carbon black (CB) and polymer were reviewed in a number of works at last several decades. Increasing values of viscosity and electrical conductivity- of the composites when the CB contents increase have been mostly interpreted in the terms of conductive CB network formation in the samples. Dependences of conductivity on CB concentration show the sharp rise (percolation threshold) when CB content reaches the percolation value. Formation of the CB network is affected by type of polymer, viscosity, surface tension, temperature, concentration of added salt, manufacturing samples – time and speed of shearing, ultrasound acting, intensity of applied electric field, as well as quality of CB – specific surface area, electric charge, particle size and their distribution. The increase of conductivity is presented from a few to 12 orders of magnitude.

Experimental 

All results mentioned in introduction part of the paper were obtained on the samples prepared from the melt. For following coagulation process, viscosity (~ temperature) is controlling parameter. On the other hand, thermal motion of polymer segments causes the breaks of the conductive network in the composite (PTC effect). We believe that similar conditions for migration of CB agglomerates are in polymer solution. Viscosity of the composite is controlled by the polymer concentration and the shear forces are also applied by stirring the sample in liquid state. Soaking the CB particles with the solvent makes their distribution easy due to surface tension forces cause the micro-breaks in the CB.

Preparation of the samples
1. CB particles were soaked in the toluene solvent for a few days and then poured into the polystyrene solution.

2. CB was dispersed and pulverised by IKA rotational homogeniser.

3. After that, the ultrasonic homogeniser SONOPULS UW 3200 (Bandelin) was used for five minutes.

4. At the last step the mixtures were poured into Petri dishes to evaporate toluene and prepare the plate samples. The evaporation went on a several days at room temperature in free air up to constant weight. Thickness of the sample is in relation with the amount of liquid composite per one cm2. We have prepared the samples of the thickness from 0,1 to 0,6 mm. The amounts of all substances (CB, PS, toluene and mixtures) were controlled by weight with accuracy of 0,01 g. The concentrations are given in mass fraction w or weight percent.

For preparation of our samples carbon black CHEZACARB EC produced by Chemopetrol Group j. s. c. (Czech Republic) and polystyrene BRALEN produced by Kaučuk j. s. c. (Czech Republic) were used.

Dielectric measurements
The samples were placed between two electrodes of standard condenser for dielectric measurements Tesla BP 3110 with micro-screw and electrodes with diameter 5 cm. Impedance-phase measurements were carried out using RCL meter FLUKE PM 6306 at the frequency range 100 Hz – 1MHz, HIOKI 3522-50 LCR HiTESTER (1 mHz – 100 kHz) and HIOKI 3535 HiTESTER (100 kHz – 100 MHz). The value of the measuring voltage was 1 V, temperature 25 °C. Results of the measurements are presented in the terms of complex permittivity:

Conclusions

1. There is no evidence of dielectric relaxation region.

2. Values of complex permittivity of the samples are result of space charge movement I in the CB particles.

3. More intensive pulverisation results to smaller particles and therefore larger surface and more intensive Van der Waals interactions. 

4. The increase of both components near the percolation threshold takes place for lower CB concentration for the samples intensively pulverised (Fig.1). 

5. Absorbed water in the samples increases the values of complex permittivity only weakly and dielectric response behaviour is complicated.

6. The increasing permittivity with the sample thickness supports explanation by space charge (Fig.2).

7. The sample preparation method from the solution has some advantages in comparison with the preparation from melt.

a) Preparation of thin layers

b) Possibility of viscosity change at room and constant temperature changing the concentration of PS.

c) Possibility of structure analysis with optical microscopy
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Fig.2: Relative permittivity of the samples with wCB=0,16% as a function of their thickness at denoted frequencies in Hz.





Fig.1: Imaginary part of complex permittivity of the samples with thickness 0,3 mm as a function of CB loading at denoted frequencies in Hz.
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		Fig.5: Loss permittivity e2 as a function

		of the sample thickness for 0,16% CB

		Fig.6: Relative permittivity e1 as a function

		of the CB loading

		Fig.7: Loss permittivity e2 as a function

		of the CB loading

		Fig.8: Relative permittivity e1 as a function

		of the water content in CB for wCB=1%

		Fig.9: Complex permittivity components e1

		and e2-dc as a function of frequency for

		the sample of 1 w% CB
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