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Electroconductive composites of graphene and cellulose nanocrystals (CNC) were
prepared by direct exfoliation of natural flake graphite in CNC suspensions. Using the
previously optimized and scalable high-shear exfoliation method [1], it was shown that the
environmentally friendly CNC is an excellent graphene stabilizer as we prepared aqueous
graphene-CNC dispersions with a high concentration (4.0 mg ml') and yield (4.0 %) after
only 2 h exfoliation time. These highly concentrated graphene-CNC dispersions were readily
spray-coated on non-conductive substrates to form robust composite films. Albeit the
insulating nature of CNC, the spray-coated composite films were electrically conductive with
conductivity up to 280 § m’, depending on the CNC amount. Cyclic voltammetry
measurements showed a reversible redox response for the Fe(CN)¢74 couple proving that
the electron fransfer was efficient in the composite film. Furthermore, biocompatibility studies
with photosynthetic microorganisms revealed no toxic effects as the cells maintained their
photosynthetic performance and growth when placed in direct contact with the composite.
Due to its biocompatibility, electroactivity and good water-stability, the composite film has
been investigated as an anode material for a biophotovoltaic (BPV) device. In BPV devices,
photosynthetic microorganisms such as cyanobacteria convert solar energy into electricity.
Due to the abundance of the composite source materials and the efficiency of the
fabrication method, the graphene-CNC composite offers a sustainable immobilization matrix
for the cyanobacterial cells creating a functional bioanode for the BPV cell.
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Figure 1: A composite film of graphene and cellulose nanocrystals and a schematic presentation of a
three-electrode biophotovoltaic system
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