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Abstract

Elaboration of hybrid bio-composites with thermoplastic
matrix: material formulation and modelling of the quasi-static
behaviour

Wassim GUERFALA2, Patrick ROZYCKI!, Christophe BINETRUY?

Dbertramdcktc

CENTRALE
NANTES

1: Institut de recherche en génie civil et mécanique, UMR CNRS 6183, Ecole centrale Nantes, Nantes Université, Nantes, France

2: Department Body in White Research and innovation Unit Bertrandt

Environmental impact is becoming increasingly important in the automotive industry, with car manufacturers looking to reduce CO2 emissions through cleaner engines and structural weight reduction. Composite materials
offer an excellent alternative to standard steels with significant weight reduction and the ability to produce functional parts[1],[2],[3]. The main objective of this study is to investigate the potential of a new and unique
hybrid bio-composite material combining flax and basalt fibers and PA11 polymer. This material design is studied with the idea of reducing the moisture sensitivity, variabilities and uncertainties of vegetal fibers by the
presence of basalt fibers. The first step consists of developing a new hybrid composite material and studying its quasi-static mechanical behaviour when subjected to different humidity levels. Then, a multi-scale non-linear

homogenization approach is proposed to support the interpretation of the characterization test results.

Context

European

The application of composite materials remains limited in the automotive regulation CO,

industry due to various technical, economic, and environmental constraints.
On the economic aspect, the high price of fibers, such as carbon fibers, and
the high manufacturing cost related to cycle time are the main obstacles to
developing these materials.

The environmental impact became increasingly critical with new European
regulations for reducing the CO2 emission and the Carbone footprint of the
life cycle automotive structures.
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Material choice

* The choice of these materials is linked to the final properties required for the semi-structural parts.
= Aselection of natural and mineral fibres was made based on studies of bio-composite materials [4],[5].
=  Selection : flax and basalt as fibre reinforcement and a PA11 matrix from Arkema [5].

Composite fabrication

= The thermo-compression process : short cycle time compatible with automotive production.
= The temperature: 220°C for 3 minutes for the heating phase / 23°C for 5 minutes for the cooling phase.
= The material is kept under a pressure of 5 bars during heating and 3 bars during cooling.
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Experimental study

= |dentify the mechanical characteristics of the composite's flax/PA11, basalt/PA11 and hybrid50/50.
* Understand the evolution of their mechanical behavior for the humidity ranges RHO, RH50 and RH85.
= Understand the impact of the hybridization on the mechanical behavior of the hybrid5050/PA11 material.

Numerical study

= Determine the effective properties at the macroscopic scale of the material from a Representative
Elemental Volume (REV) that depends on the scale of hybridization and for RHO, RH50 and RH85
= Compare three scales of hybridization: the laminate scale, the layer and the fiber scale
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Microscopic view of basalt/Pall, flax/PA11 and  SEM view of flax/PA11 and Basalt/PA11 composites after
hybrid5050/PA11 0° quasi-static tensile tests

Conclusion

The use of basalt fibers with flax fibers improves the mechanical performance of the hybrid composite

compared to the flax/PA11 and reduces its density by increasing the potential mass gain compared to the
basalt/PA11l composite. The multiscale numerical homogenization is used to determine the effective
properties of the studied materials and to compare the three scales of hybridization: the laminate scale, the
layer scale and the fibre scale, and helps us to make the appropriate choice of hybridization.
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Comparative table of numerical mechanical properties of Flax/PA11, basalt/PA11, hyb5050/PA11 composites for
RHO,RH50 and RH85
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