Performance of thermally reduced holey graphene oxide binder
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Graphene-based materials (GBMs) are potential candidates for applications in the energy
sector, such as hydrogen storage([1], batteries[2], supercapacitors[3] or as a binder for active
materials in different devices[4], due to properties such as high specific surface area (SSA),
porosity and electrical conductivity. Binders are used in the electrodes of supercapacitors as
a glue, to create a bond between the active material and the current collector. The aim of
this work is fo study a GBM, graphene oxide with reduced holes, as a binder in activated
carbon (AC) electrodes. The presence of edges and high conductivity on the electrode
favours the formation of electrical double layers, increasing its efficiency. However, most of
the chemical syntheses used to obtain GBM are based on graphene oxide (GO) as the
starting reagent. This material has a low electrical conductivity due to the presence of
oxygenated functional groups and a low SSA and porosity. In this work, hollow reduced
graphene oxide has been synthesised from GO, and its behaviour as a binder was studied,
both in a single supercapacitor electrode and in a complete device. For this purpose, a
previously synthesised GO[5] was hydrothermally treated with H202 to form graphene oxide
with holes (HGO), favouring the increase of edges[é]. Subsequently, the HGO has been
thermally reduced at 450° C in a furnace to remove the oxygenated functional groups in the
form of CO2 gas in an explosive process. In this step, the HGO on the one hand recovers part
of the electrical conductivity of the graphene sheets, and on the other hand undergoes an
exfoliation, increasing its SSA. The obtained material (T450_Red_HGO) has been
characterised corroborating the improvements respect to the non-reduced HGO. Then, the
performance of T450_Red_HGO has been studied both, as a binder on single electrode for
supercapacitors and in a symmetrical complete device assembly, using H250O4 solution as
electrolyte and CA as active material in both cases. Finally, a complete device with a
polymeric binder (Polyvinyl alcohol, PVA), which is commonly used, has been prepared
under the same conditions, and the results have been compared with those corresponding
to the complete device with 450_Tred_HGO binder.
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