N

\

Twenty-Third International Conference on Composite Materials (ICCM23) ( o 23

*

\ .
&>
“

T

Improvement of mechanical properties of 3D-printed continuous flax
fibre/poly(lactic) acid composites by impregnated filament with surface treatment

Y. Long, Z. S. Zhang, K.K. Fu, J.M. Zhang and Y. LI*
School of Aerospace Engineering and Applied Mechanics,
Tongji University, Shanghai 200092, PR China
*Yan LI (liyan@tongji.edu.cn)

Keywords: Additive manufacturing; 3D printing; Continuous flax fibre
reinforced composites (CFFRCs); Surface treatment

Introduction

Compared with traditional composite manufacturing techniques, the low moulding pressure, the short moulding time, and the twist structure and continuity of plant yarns
are the characteristics of 3D printed continuous plant fibre reinforced composites. These make the impregnation even more difficult and thus led to low mechanical
properties of 3D printed composites. We choose a silane coupling agent, which can eliminate the hydroxyl group through chemical reaction with the fibre surface, and
establish a chemical bond with the matrix. To improve the wettability of the fibre and the interface performance of the composites, thereby improving the mechanical
properties. Then, poly(lactic) acid (PLA) and surface-treated yarns are prepared into pre-impregnated filaments for 3D printing using a customed continuous fiber
Impregnation equipment. The mechanical properties of the continuous flax fibre/PLA composites (CFFRCs) prepared by 3D printing in the present work are comparable to
those manufactured by compression moulding in literature.
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Surface treatment of flax yarns Drying 3D printing for CFFRCs
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Fig. 5 Tensile fracture surface morphologies of (a) FY-RI, (b) FY-PI-UM, and (c) FY-
PI-M. Red arrows indicate the interface between flax fibre yarn and PLA matrix.
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Fig.2 Left: Hydrolytic process of (a) silane KH550 and (b) silane KH151, and (c, d) I FY-M .
condensation reaction between flax fibre and silanol. Right: (a) Measured contact angle and (b)  ° = 1 “a ° As
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surface morphologies of untreated, (c) KH550 treated and (d) KH151 treated flax yarns. The
red arrows indicate the attached silane.
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measuring device system Fig.6 Comparison of mechanical properties of continuous fibre-reinforced PLA composites

fabricated by 3D printing (3DP) and compression moulding (CM): (a-b) tensile properties,
Fig.3 Schematic diagram of the fabrication process for pre-impregnated filaments. (c-d) flexural properties. PF represents plant fibre.

Conclusions

1. An efficient 3D printed plant yarn surface treatment process Is proposed to improve mechanical properties of CFFRCs.

2. Improved fibre wettability helps to reduce voids and increase interfacial properties in CFFRCs arisen from low printing pressure and twisted structure of yarns.
3. The high fiber volume fraction and interfacial properties are beneficial to improve the mechanical properties of 3D printed CFFRCs.

4. The mechanical properties of the CFFRCs prepared by 3D printing In this work are comparable to those manufactured by compression moulding in literature.
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