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Abstract (300 word limit) 
The use of 3D printing technologies has attracted the interest of the 
industrial and scientific community during last decades. The possibility 
of quick and non-costly redesign can be used also for repairing and 
easy replacement structures after in service wear. Present work used 
Direct Write technology to print nanoreinforced resin circuits on 
continuous fiber reinforced polymers (CFRPs). The use of a carbon 
nanostructure resin would allow electrical conductivity through the resin 
circuit which could be used for structural health monitoring (SHM) 
and/or self-heating by Joule effect. This last effect could be used to 
create the first layer of a multilayer coating with anti-icing purposes 
taking advantage of the self-heating capability of this coatings by 
Joule effect. 

 Previous research has allow the selection of graphene nanoparticles 
(GNP) and carbon nanotubes (CNT) as nanoreinforcements to modify 
the epoxy resin and allow Joule effect heating. Nevertheless, the 
characteristics of Direct Write 3D printing technology as well as 
morphology of the printed lines, do not allow the direct extrapolation 
of results obtained in bulk nanocomposites to the printed circuits. Thus, it 
requires an optimization of the carbon nanostructures contents to allow 
resin flow through the injector as well as the formation of conductive 
nanoparticle networks.  

The morphology of the printed circuit, the voltage applied and the 
type and content of carbon nanoparticles need to be tuned in order to 
improve the anti-icing purpose. The study has determined that the 
greatest influence is the carbon nanotube content followed by the 
voltage and circuit morphology. The selected conditions allowed to 
melt the frozen distilled water built-up on a fiber reinforced polymer 
composite similar to those that could be find in wind turbine blades.  
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Fig. 1. Image of the 3D printed circuits based on nanoreinforced 
epoxy resin with carbon nanostructures 
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