Ultrasonically sprayed flexible thin film electrodes for

implantable bio-fuel cells
Awatef LAAROUSSH?3 Noemie LALAOUF, Nadege REVERDY-BRUAS? Alan LE GOFE, Michael
HOLZINGER?, Serge COSNIER Didier CHAUSSY23 Naceur BELGACEM?3
tUniv. Grenoble Alpes, LGP2, F-38000 Grenoble, Feanc
2CNRS, LGP2, F-38000 Grenoble, France
3Agefpi, LGP2, F-38000 Grenoble, France
“DCM, UMR CNRS-UJF 5250, ICMG FR-2607, Universit&dph Fourier-Grenoble 1
L23rye de la Papeterie - CS 10065 - 38402 Saint-Mditiéres Cedex, France
4UFR de chimie, Batiment C & NanobioBP 53, 38041r®i#e Cedex 9, France
Corresponding author: Awatef.Laarouss @lgp2.grenoble-inp.fr

Keywords: multi-walled carbon nanotube (MWCNTS), surfactangen 80, suspension, coating, ultrasoni-
cally spray deposition, enzyme, laccase

Carbon nanotubes are a promising material forkflexihin film electrodes for implantable bio-fudlis due

to their biocompatibility, their particular strucg) and their conductivity [1]. CNTs demonstrateoadxcep-
tional chemical and mechanical properties (Youngslulus: 1.1 TPa, tensile strength: 37 TPa) [2]ictvh
makes them a promising material for use in flexadkxtronics [3, 4].

In this study, we have investigated an innovataehhique to produce flexible thin CNT films by sgra
multi-walled carbon nanotubes suspensions, dispdygaween 80, on porous carbon paper substrates (G
Diffusion Layer GDL). CNTs and carbon papers ar¢hb&uperhydrophobic and spray coating is a non-
contact technique. So, here we discuss factorstidtol superhydrophobicity and CNTs network hoatog
neity. The spray deposition parameters investigaeldde inks viscosity, flow rate and air pressure

Tween 80 acts like a wetting agent and prevent Cgifsegation on substrate [5]. The affinity betwten
formulated ink and the substrate wettability wesatmlled by contact angle measurements.
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Fig. 1. Effect of surfactant on surface tension: (a) 5ptit of water without surfactant; and (b) 5ul detp
of CNTs/Tween 80 ink. The surfactant decreaseslyléze surface tension of the drople
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Scanning electron microscopy (SEM) revealed hif#
surface area carbon nanotube networks. [
Sprayed film thickness, controlled by the spray
layer number and the flow rate, were between (
and 1.7 um. Deposited weight was estimated Y
thermogravimetric analysis.

Fig.2 CNTs coated GDL (a) side view (b) cross view

To avoid any enzyme denaturation during flexiblecwbde fabrication process, a soft CNT-post-
functionalization technique was adapted, namely:dlectropolymerization of novel pyrrole monomdisis
technique achieves soft and efficient immobilizatad laccases to spray-deposited CNT on GDL sutestra
affording flexible electrodes for efficient bioetemcatalytic oxygen reduction. High catalytic cuntrelensi-
ties were obtained for the oxygen bioelectrocaitalggduction by flexible electrode functionalizey lac-
cases.

The effect of the number of spray-deposited layes studied and experiments demonstrate that amaipt
number of layers are necessary to maximize catatytirent densities and CNTs network homogeneity.
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