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Influence of moisture absorption on the mechanical properties of

unidirectional flax fibre composites

JIA Yunlong™ , FIEDLER Bodo®

(1. School of Aerospace and Mechanical Engineering/Aviation, Changzhou Institute of Technology, Changzhou 213032,

China; 2. Institute of Polymer and Composites, Hamburg University of Technology, Hamburg D21073, Germany)

Abstract: This paper investigated the evolution of mechanical properties of flax fibre reinforced polymer compo-

sites (FFRPs) conditioned in humid condition for a long term. Dry unidirectional FFRPs having fibre volume frac-

tion of 40vol% were manufactured via vacuum assisted resin transfer moulding (VARTM). FFRPs were conditioned

in 30°C, 80% relative humidity (RH) for different time (5 days, 35 days and 86 days) and their tensile properties were

tested and analyzed. The results demonstrate that the moisture absorption of FFRPs fairly follows one dimensional

Fickian’s second law. The equilibrated water content is around 5.3%. Tensile strength and modulus perpendicular

to fibre direction decrease with moisture absorption. Fracture morphology shows that fibre-matrix bonding

strength decreases after moisture absorption. Tensile strength in fibre direction is not degraded by moisture absorp-

tion, and exhibits a trend featured by a first drop followed by an increase, which has not been reported in literatures.

Tensile strength in fiber direction decreases by 5.7% after being conditioned in humid for 5 days, and increases by

18.7% after 35 days. Further absorption of moisture up to 86 days (already saturated) causes a slight decrease in

tensile strength but is still 13.7% higher than that at dry state. The change trend of tensile strength in fibre direction

during moisture absorption can be explained as a consequence of averaging effects of several factors.
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Fig. 1 Unidirectional (UD) flax fiber fabric (left) and structure of flax yarn (right)
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Fig.2 Method to obtain flax yarns with different water contents
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Fig.3 Temperature and pressure cycle in fiber pre-drying and vacuum

assisted resin transfer moulding (VARTM) process
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Fig.4 Experimental and Fickian'law fitted weight uptake of flax fibre

reinforced polymer composites (FFRPs) in humid

F 1 [0°] #1 [90°]FFRPs MBIt E Fickian 8 RE]
Table 1 Calculated Fickian diffusion coefficients
of [0°] and [90°] FFRPs

D.'/(107"mm?*s™) D:*/(107"mm*s™) Mn*/%
[0°]  2.40 1.84 5.41
[90°] 3.27 2.74 5.25

Notes: D.—Diffusion coefficient calculated from experimental
data; D.—Corrected diffusion coefficient; M;,—Absorption of
water at saturation.
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Fig.5 Representative tensile stress-strain curves of flax yarns having

different water contents
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Table 2 Tensile properties of tested flax yarns (n=20)

Water content/% Strength/MPa Modulus'/GPa Elongation at break/%
~0.5 486.0+£74.9 22.0£2.9 2.5+0.2
~3.0 517.2+92.2 16.4+2.9 3.4+0.5
~5.5 544.1+81.2 14.4+1.9 4.1+0.4
~50.0 598.8+136.4 10.7+0.9 5.6+0.9

Notes: Modulus' was calculated as the gradient of the regression line between 100 MPa and 200 MPa; n—Sample size of each condition.
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Fig.6 Representative tensile stress-strain curves of [90°] FFRPs

specimens at different conditioning time
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Fig. 8 Fracture morphologies of [90°] FFRPs specimens conditioned in humid (30°C, 80%RH)
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