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Based on our results in elaboration and investigation of polyisoprene/high structured carbon
black composites we can achieve excellent piezoresistivity effect [1] as well as
chemoresistivity effect [2] for these composites. In this study we attempt to design
polyisoprene matrix composites with promising more sophisticated fillers — thermoexfoliated
graphite (TEG) as well as multiwall carbon nanotubes with high (LMWCNT) and low
(SMWCNT) aspect ratio for their application in design of new sensitive polymer composites.
TEG has been synthesized in Department of Physics of Kyiv National Taras Shevchenko
University. Powders of LMWCNT and SMWCNT have been bought from Cheap Tubes Inc.
Polyisoprene/TEG and polyisoprene /MWCNT composites were prepared in Institute of
Technical Physics of Riga Technical University. Firstly each filler party was dispersed in
chloroform in one vessel by ultrasonic homogenizer. Secondly polyisoprene and necessary
additives, zinc oxide and sulphur were dissolved in chloroform in another vessel by magnetic
stirring. After the definite filler dispersion was added to polyisoprene solution and the mixture
was mixed by magnetic stirring for 24 hours. From the obtained raw mixture chloroform was
evaporated. Finally the mixture was vulcanized under pressure of 30 atm at 150°C for 15
minutes. The acquired nanocomposite samples were electrically conductive and showed the
ability to change the electrical resistance under the influence of mechanical force and volatile
compound vapours as well. The electrical conductivity appeared due to forming of 3D grid of
nanosize channels in polymer matrix of composite during vulcanization.

Mechanical sensing principle works as follows. Under influence of mechanical force the
conductive 3D grid is being disarranged and electrical resistance raises. The fact of presence
of nanosize conductive structures guarantees the good reversibility of resistance change.

The chemical sensing of composites can be explained in the following way. The composites
absorb chemical vapours and, because of matrix swelling, partially disarrange 3D conductive
grid and, thus, increase electrical resistance. Such elastomer chemiresistors could be attractive
and energy efficient sensor materials for long-term air quality monitoring. This is different
from semiconductor sensing elements. Elastomer chemiresistors do not need external heating
to maintain the sensing capability to organic solvent vapours.

Preliminary piezoresistivity and chemoresitivity DC tests as well as AC tests of all
elastomer/nanographite composites eleborated show promising results. Polyisoprene/TEG
composite has higher sensitivity to chemicals then polyisoprene/LMWCNT. Based on these
results we expect better sensor effect of polymer/single graphene composites in future
attempts.
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