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The Laboratory of Pulp and Paper Science and Graphic Arts (LGP2) is a joint research unit (UMR 5518) run 
by the CNRS, Grenoble INP and the Agefpi. It is home to three teams: Biorefinery: chemistry and eco-processes 
– Multiscale biobased materials – Surface functionalization through printing processes. The research conducted 
by LGP2 strives to meet society's expectations when it comes to sustainable development (green chemistry, 
clean processes, recycling, biobased materials, renewable energy) and traceability & safety (functional materials, 
smart paper and packaging). http://pagora.grenoble-inp.fr/research/ 

Grenoble INP-Pagora, the international school of paper, print media and biomaterials is one of six 
engineering schools of Grenoble Institute of Technology (Grenoble INP). The school is Quality, Safety & 
Environment certified and committed to sustainable development. It trains socially-responsible engineers for the 
sectors of green chemistry, paper, printing, packaging, biomaterials and printed electronics. It also offers two 
vocational degrees (Digital workflows, publishing & print production and European industrial printed 
communication engineering). Its wide range of courses and pedagogical expertise – at engineering and vocational 
degree levels – allow it to constantly tailor its training to industry's needs. Strong partnerships with companies 
allow the 60 graduates it produces each year to embark upon stimulating careers in France and abroad. The 
school also provides international training in conjunction with several European universities, as well as offering a 
course in English: the Post Master Biorefinery: bioenergy, bioproducts & biomaterials. The innovative research 
performed by its LGP2 laboratory helps to improve processes and create products that meet all the latest 
requirements, notably those linked to the environment. The Cerig's role is to keep an active eye on technological 
developments in these industries. These various activities ensure that the training offered is up to date with the 
latest scientific and technological advances. http://pagora.grenoble-inp.fr – http://cerig.pagora.grenoble-inp.fr 
– http://www.facebook.com/GrenobleINP.Pagora 
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3D printed conductive cellulosic structures 

 
September 29, 2017, Ying Shao defended her doctoral thesis at University 
Grenoble Alpes prepared under the supervision of Davide Beneventi, CNRS 
Research Director, of Professor Didier Chaussy (Grenoble INP-Pagora / 
LGP2) and of Philippe Grosseau, Research Director (École des Mines, 

Saint-Étienne). She presented the results of her research work entitled Use of lignocellulosic materials 
and 3D printing for the elaboration of conductive carbon strutures. 
 
In this thesis, electrically conductive and mechanically resistant carbon structures were elaborated by 
3D printing and subsequent pyrolysis using microfibrillated cellulose, lignosulfonate and cellulose 
powder (MFC/LS/CP) blends. 
The processability of MFC/LS/CP slurries by 3D printing was examined by rheological tests in both 
steady flow and thixotropic modes. The printed MFC/LS/CP pastes were selfstanding, provided a high 
printing definition and were proved to be morphologically stable to air drying and the subsequent 
pyrolysis. 
 
Pyrolysis at a slow rate (0.2°C/min) to a final temperature in the range of 400-1200°C was used to 
manufacture MFC/LS/CP carbons. The TGA/DTG was applied to monitor the thermal degradation of 
MFC/LS/CP materials in blends as well as in a separated form. The resulting carbons were further 
characterized in terms of morphology, microstructure and physical properties (such as density, 
electrical conductivity and mechanical strength). At 900°C, MFC/LS/CP carbons displayed a high 
electrical conductivity of 47.8 S/cm together with a low density of 0.74 g/cm3 as well as an important 
porosity of 0.58. They also achieved an elastic modulus maximum of 6.62 GPa. Such interesting 
electrical and mechanical properties would lead to a promising application of MFC/LS/CP- derived 
biocarbons in energy storage devices as electrode materials in close future. 
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