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Development of rubber/carbon nanotube composite flexible thermoelectric film
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Thermoelectric conversion (TC) is based on the Seebeck effect that is the conversion of
temperature differences directly into charged carrier movement, which generates electricity
(Fig. 1). Because of this simple heat-electricity conversion theory, TC is one of the most
promising method for solving the energy crisis and slowing down global warming problems
since nearly 15 terawatt of energy has been released as low temperature heat per year. TC is
characterized by the equation: ZT = (OSZ/K) -T (1), in which Z,T, o, S, k stand for figure of merit,
temperature, electrical conductivity, Seebeck coefficient and thermal conductivity, respectively.
Higher ZT value means higher electromotive force during TC and according to equation (1), it
requires the thermoelectric materials to be highly electrically conductive, thermally insulating
and show high Seebeck coefficient. Inorganic semiconducting materials like Bi, Te, Sb were
used as typical thermoelectric materials because they show high ZT value (ZT=1). However,
these metals have problems such as toxicity, high cost and low formability, which prevent these
materials from practical use. That is why we choose organic polymers for thermoelectric
materials. However, two problems still remain unsolved for organic polymers: low electrical
conductivity and no stable n-type polymer. Thus, we decide to use highly electrically
conductive polymer Carbon Nanotubes (CNTs). Previously, our group reported conductive
CNT/polymer films made by dispersing CNTs into a curable rubber (R712) with photo-initiator
and exposing to UV light irradiation. This process offers a solvent-free CNTs dispersion, which
prevents CNTs from rebundling during solvent elimination process and stabilizes CNTs into a
network pattern. In this study, we will improve the electrical conductivity of the CNT/R712 film
and make it suitable for thermoelectric material. Here, we examined different preparation
methods of dispersing CNTs and two types of CNTs (HiPco CNT and eDIPS CNT) for the
CNT/R712 film fabrication.
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