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Introduction

Liquid Composite Moulding (LCM) processes are walbwn as efficient low cost processes to
manufacture composite with high performances or-baised reinforcements. Nevertheless the
problem of voids formation is still common and ofinpary importance. Void minimization in
composites manufactured by LCM calls for an imptbwmderstanding of local wetting to achieve
void predictions in composite parts, developmentnoflels for fibrous preforms filling and defects
location prediction. Local wetting properties degpem physico-chemical and morphological aspects
that can be controlled through fibre treatment. Eesy, caring about the sustainability of both
reinforcements and resins implies to avoid somenchmechanical treatments that could generate
unhealthy products or wastes [1].

Capillary wicking in a fibrous medium is describbg the Washburn equation and can also be
modelled by Darcy law under the effect of a capillaressurd®.., [2]. The orientation of the fibres in
those reinforcements has a significant effect am ¢hpillary wicking kinetic. Methodologies for
characterizing capillary wicking in both flax andrbon fibres reinforcements were set, for selected
quasi-UD fabrics in their three main directions.d€aain during wicking recorded by a tensiometer
will be used for the characterization of both getioal effects and wetting parameters to determine
the P, For flax reinforcements, sensitive to liquid gap, results observed are a superposition of
the mass gain due to capillary wicking and poroesliom fibre volume fraction modification due to
swelling. Those effects have been modelled and diffred approach of Washburn theory has been
developed to predict accurately capillary wickingabric undergoing swelling in liquid [3].

Experimental methods
The spontaneous impregnation of fibrous reinforagmserted in a cylindrical sample holder of
radiusR, by a liquid (wicking) can be described througmadified Washburn equation [2]:
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wherec is a parameter taking into account tortuosityg, a mean porous radiusthe porosity = 1-
V; (the fibre volume ratio). All parameters in theuare brackets concern morphology and
configuration of porous medium. The other paransetpress the dependence of wicking on the
interactions between the medium and the liquido(igho, 7 and i that are respectively the density,
viscosity and surface tension of liquid, afidthat is an apparent advancing contact anglejatallel,
a flow through a porous medium can be describedthay well-known Darcy law, relating an
equivalent fluid velocity, to the pressure drop, through the permeabilithefconsidered mediuka
and the liquid viscosity. From the equivalence between the Washburn equatid the Darcy law, a
new definition of capillary pressure was given [2]:
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Wicking tests were performed with a tensiometriocgedure set to measure the geometric factors
and the apparent, for unidirectional fabrics in their three main afitions. First quasi-UD carbon



fabrics {; =40%) were tested with water. Then flax fabricsevsubmitted to a thermal treatment that
modifies the wetting behaviour of fibres [1] andcling tests were performed varying tiie for both
untreated and treated flax fabrics.

Results and discussion

Fig.1 shows wicking tests recorded for carbon fabf¥; =40%) in the warp direction of quasi-UD
fabrics with n-Hexane and water. A linear trendvitking was observed allowing to fit experimental
curves with the Washburn equation (Eq.1) and detémgn both geometrical factors ané, for
capillary pressure calculation (Eq.2). Linear tremeere also found for the other main directions of
fabrics [2]. For untreated and treated flax fabuagth water {/; =40%) difference in wicking kinetics
were observed (Fig.2-left). Treated fabrics preselihear trend that can be fit with Eq.1 just as f
carbon fabrics. Untreated flax fabrics swell in @atausing an evolution of geometrical parameters
during wicking. A semi-empirical model consideritigs effect was then introduced [3]. Washburn
equation was modified for fabrics undergoing swelland a fit with the new law was achieved (Fig.2-
right). Experimental procedure can be then apptedifferent fabrics and liquids, allowing to
evaluate the influence of material geometry (molpdw of fabrics), porosity (different;), but also
viscosity and surface tension of liquid on the Bapi impregnation phenomena. Wicking tests using
resins were performed for untreated and treated fd@rics, revealing a significant difference in
impregnation kinetic due to the treatment. Inclgdihose capillary parameters in finite elements
simulations, to describe more accurately LCM preesss the next asset.
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Figure 1: Linear fits obtained for carbon fabrics (Vf =409%) x-direction.
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Figure 2: Wicking curves obtained for untreated and treatar fabrics and fitting with the semi-empirical made
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