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The experienced prepreg flax/epoxy consists of twisted flax yarns coming from textile industry. It is mainly used in sports and leisure industry. The required added-value is the good capacity of vibration damping. A first study showed that the behavior of the flax/ epoxy is not just elastic and that its resistance is not optimal. We reached at best case 350 MPa where the mixtures law look forward to the double! The objective in the long term of the work consists in the optimization of composite prepreg. We studied the influence of the torsion of the streak by comparing a WOVEN comprising a weft yarn for 19 warp yarn , with an UD, an UD SEWN with 45° and a MAT having a privileged orientation. The best result is obtained for WOVEN. It is believed that the wet spinning optimizes the separation of elementary fibers. We studies the influence of textile treatment by comparing an UNBLEACHED 2/2 twill with the same LEACHED (WASHED), BLEACHED and MERCERIZED fabric. The best result is obtained for MERCERIZED fabric.

INTRODUCTION

The industrial employment of vegetable fibers as a support reinforcement in composite materials necessities to answer several requirements. Among these, figurant the capacity of the resin to adhere to fibers, the control of the water absorption and the user friendliness of the semi-manufactures. The tested flax/epoxy prepregs, provided by the Lineo NV Company, respond to these criteria favorably. They are used in the composite industry for several years (MUSEEUW bicycle, ARTENGO racket).

The Prepregs consist of flax yarns with controlled weight and an epoxide resin. The yarn contains a large number of fibers of unspecified origin, twisted according to the traditional techniques of spinning. The flax fibers intended for the textile may undergo various pre-treatment before or after weaving: bleaching, leaching and mercerizing. Usually, the yarn intended for prepreg comes from the wet spinning and thus undergoes leaching. Then the fabrics undergo a treatment making it possible to ensure the adhesion of the resin to the fiber. This stage, which can be compared to the sizing of glass fibers, constitutes the know-how of the elaboration of prepregs.

The primary study [START_REF] Poilâne | Propriétés mécaniques de préimprégnés lin/époxyde[END_REF] bearing on laminated plates with 0° showed that, the behavior of the flax/epoxy is not linear, it comprises a rather short elastic zone then a viscous-elastic-plastic zone; the mechanical properties of prepregs are proportional to the percentage of fibers; the mechanical properties of prepregs are inversely proportional to the yarn titration; the threshold of elasticity is a function of the percentage of fibers but independent of the yarn titration; the resistance of the flax/epoxy is not as high as the resistance of elementary fibers.

The objective of the work consists of understanding the origin of the nonelastic phenomenon and analyzing the influence of numerous parameters that participate in the development and elaboration of prepregs the flax/epoxy to improve the properties of these prepregs. Our studies showed the influence of the torsion of the streak by comparing the product reference, a WOVEN comprising a weft yarn for 19 warp yarns, with a UD, a SEWN UD at 45° and a MAT having a privileged orientation. We observed the influence of the textile treatment by comparing the reference product, an UNBLEACHED 2/2 twill made of elaborated yarn by semi-wet spinning with the same LEACHED, BLEACHED, MERCERIZED fabric and with a 2/2 twill made of LEACHED YARN in wet spinning.

ELABORATION OF THE MATERIAL a. THE FLAX FIBER

The utilized fibers in the processing of tested prepregs are not subject to any particular selection. It should be noted that some studies have shown the utility, for the composite industry sector, of selecting the flax varieties and preserving only the central part of the plant [START_REF] Charlet | Contribution à l'étude de composites unidirectionnels renforcés par des fibres de lin : relation entre la microstructure de la fibre et ses propriétés mécaniques[END_REF]. This approach, that certain industrialists try to put into practice, is not utilized here. Indeed, the objective of the provider of the prepreg is to penetrate into the composite market without deeply modifying the work tools of the flax professionals. The preparation of flax fibers is thus carried out according to four usual stages: retting, scutching, heckling, and folding/drawing. Retting is a natural process carried out in Normandy by the climate. After ripping out, the stems of the plant are left on the ground, in the form of swathe, in order to facilitate the action of natural micro-organisms. Degradation of pectin cements, favorite by the alternation of heat and moisture, makes it possible to obtain the first separation of fibers and wood. Scutching consists of extracting fibers contained in the stems by rippling and picking of the straws. The mechanical actions carried out on fibers include sorting, picking, rippling between two rib rollers, drawing by differential rolling and drafting. Hacking consists of carding the bout of fibers in a succession of increasingly fine hacks (sort of comb). Folding/ drawing of the flax make it possible to conglomerate fibers in order to obtain a several-meter long ribbon exploitable by the spinning mills. The ribbons are standardized by mixture of fibers from different origins.

In the world of vegetable fibers, the flax fibers offer top-of-the-range performances. We often balance the properties of fibers by their density in order to compare the flax and conventional fibers (table 1). D is the density, E is the Young's modulus, σ R is the ultimate stress (or failure stress), ε R is the ultimate strain (or failure strain), E/D is the specific Young's modulus and σ R / D is the specific ultimate stress. Concerning the origin of the product, the median values found in the literature [START_REF] Baley | Analysis of the flax fibres tensile behaviour and analysis of the tensile stiffness increase[END_REF] were selected and not those of the most performing flax fibers [START_REF] Charlet | Characteristics of Hermès flax fibres as a function of their location in the stem and properties of the derived unidirectional composites[END_REF]. We see that the specific properties of flax fibers are better than those of E-glass fibers. b. PREPREGS The tested prepreg are detailed in tables 2 and 3. They are: a UD resulting from scutching ribbons (long fibers), a UD sewn at 45° resulting from scutching ribbons which we name SEWN; a MAT resulting from tow agglomerated by water jet, comprising a preferential direction; a WOVEN comprising 1 weft yarn for 19 warp yarn coming from textile industry and a 2/2 twill having undergone leaching, bleaching or mercerizing.

The transformations of flax fibers into flax/epoxy prepreg may consist of several stages consist of: spinning, weaving, textile pretreatment or treatment, treatment (that can be compared to sizing of glass fibers), impregnation.

Stage 1 can be carried out in a semi-wet or a wet spinning. The yarns coming from the semi-wet spinning undergo only one plugging in water; we consider them as untreated. The yarns coming from the wet spinning are leached. The MAT, the UD and SEWN, undergo neither stage 1 nor stage 2. Stage 3 is not necessary for the elaboration of a prepreg. An untreated fabric is called UNBLEACHED. It is called LEACHED YARNS if the constitutive yarn comes from the wet spinning. Stage 4 and 5 are carried out on all the products analyzed in our study. The parameters of development and elaboration internal to these stages are fixed and thus do not represent variables of the study. c. SPECIMENS The plates are laminated in hot pressing using a mould according to the following stages: cutting folds of 200 mm × 110 mm according to the chosen orientation; waxing the moulds; stacking the folds in the male mould; putting adjusted metallic plates that make it possible to choose the air gap in the mould; placing and tightening of the female mould by screw; cross-linking in the enclosure equipped with a thermostat in atmospheric pressure; removing the composite plate from the mould after returning to room temperature.

The relationship between number of folds and thickness of the plates makes it possible to act slightly on the percentage of the fibers V f . Consequently, the resin surplus is more or less important according to this ration.

Curing is in conformity with the cycle of the supplier: a 30 minute landing at 80°C followed by a 60 minute landing at 130°C.

The laminated plates are cut out with a water-cooled diamonds saw then dried in the drying oven. The blank is cut and then polished with the strip. The samples intended for traction are equipped with 4 aluminum heels. The samples intended for optical microscopy are prepared according to the usual protocol of metallurgists. The samples intended for electronic microscopy receive a gold deposit. 

TESTS AND RESULTS

The measurements consist of five tensile tests per product supplemented by observation under optical microscope and electronic microscope.

a. INFLUENCE OF THE OF ROVING TORSION

The four compared prepregs, a UD, a MAT, a SWEN, a WOVEN, are intended for the unidirectional reinforcement. The properties and the results in traction are synthesized on figure 1 and in table 4. We notice from the start that the behavior of SWEN is singular. The sewing generates a crimp of the fiber roving. The product is very difficult to handle without deformation because of the sewing at 45°. Another non-identified cause affects perhaps the behavior too!

The behavior of the MAT and WOVEN are similar. They are in conformity with the behavior usually observed in flax/ epoxy in the yarn direction: a rather short elastic strain followed by a non-elastic strain. The behavior of the UD, on the other hand, clearly shows a resumption of stiffness in the last part of the test. This is visible on the stiffness/strain curve in which we can follow the evolution of the secant module. However, the strength does not reach that of the WOVEN. 

b. INFLUENCE OF TEXTILE TREATMENT

The 5 twills tested, an UNBLEACHED, a LEACHED, a LEACHED YARNS, a MERCERIZED and a BLEACHED, have the same volume percentage of fibers. The results are represented in figure 2 andtable 5.

The behavior of the fabric in traction is almost preserved whatever the treatment. The loss of stiffness of BLEACHED is however slight to which we cannot provide any explanation. Concerning the failure It is noticed, that the increase in strength is accompanied by a reduction in the strain. The treatments improve overall stiffness and strength of the flax /epoxy. A particular case is obtained by elaborated fabric with leached yarn. The final properties are not as good as those of untreated fabric! It should be reminded that it consists of wet spun short fibers. 

DISCUSSION

The comparative WOVEN, MATE, SEWN, UD, confirmed the nonlinear of flax/epoxy behavior. The properties of the resin alone are not out issue because the intend is a standard formulation for prepregs. This resin may used in prepreg glass E/epoxy whose behavior is elastic linear. This phenomenon thus originates from flax fibers.

The resumption of rigidity observed is the UD provides us an important information. It enables us to correlate the behavior of the composite to that of elementary flax fiber. The results of the literature show that the resumption of rigidity is observed in certain flax fibers. Figure 3, drawn from K. Charlet's dissertation [START_REF] Charlet | Contribution à l'étude de composites unidirectionnels renforcés par des fibres de lin : relation entre la microstructure de la fibre et ses propriétés mécaniques[END_REF], show the behavior in three zones. The phenomenon is attributed to the reorientation of the fibril of the secondary wall of the initial fiber positioned approximately at 9° [START_REF] Baley | Analysis of the flax fibres tensile behaviour and analysis of the tensile stiffness increase[END_REF]. This result enables us to propose that the general of flax/epoxy behavior comprises three zones, more or less marked according to the arrangement and the quality of the reinforcement consist of the linear elastic strain; the strain non-elastic probably viscous-elastic-plastic due to the collective reorientation of the fibril of the secondary wall of flax fibers (we showed the irreversible character of this zone by a creep /recovery test [START_REF] Poilâne | Optimisation d'un pré-imprégnés lin/époxy industriel[END_REF]), and the resumption of stiffness.

The three zones are perfectly identifiable on figure 4 where the behavior of the UD is deferred. The third zone is rarely observed in practice. The actual position of our actual knowledge does not allow us to know if it is elastic or not.

The influence of the torsion of the roving is not as harmful as what we had expected. The WOVEN, which is the only product of figure 2.a. comparative containing flax yarns, gives the best results. It is thought that the most important reason comes from a good separation of elementary flax fibers that cause of by wet spinning. In the plant, the flax fibers are gathered in packages called "technical fiber" by the professionals of flax. The chemical links which connect fibers between them, provided by pectins, are difficult to break. This affects the quality of the fiber/resin interface by limiting the access of the resin to the walls of the elementary fibers. Our assumption on poor performance of the UD is that the elementary fibers are rarely separated and that there are too much technical fibers. This is confirmed by the observations of figure 5 obtained on the topographies of failure appearance of WOVEN and the UD. The twisted yarn shows that elementary fibers are well separated and coated with resin. On the other hand the UD shows that the technical fibers are well coated with resin but in which the resin does not penetrate. It is advisable in all the cases to facilitate access of the resin to the external walls of the elementary fibers. It is the object of comparative between the textile treatments. The three treatments tested, leaching, bleaching and mercerizing, in general improved the properties of the composite. The MERCERIZED, that already identified for improve the interface flax fibers/resin [START_REF] Van De Weyenberg | Flax fibers as reinforcement for epoxy composites[END_REF], which offers the best performances. The textile treatments are used to facilitate the ennobled (dry filling), like the dyeing for example. Their role is to support the penetration of the products of ennobled by removing pectins which have a hydrophobic effect. In addition, the cellulose chains are also attacked by these treatments. A compromise is thus to find in the parameters of each treatment to separate elementary fibers without degrading them. The comparison between the properties of LEACHING, which are higher of 20% than those of the UNBLEACHED, and of the LEACHING WOVEN, which are lower to him by 20%, makes it possible to confirm this idea of compromise. The leaching made it possible to separate elementary fibers, can observe it on figure 6, but this one was too destructive. It should be added, to be complete, that the LEACHING WOVEN consists of short fibers, which means that the tow, and nothing sure that the properties of these fibers which have statistically identical properties to that of the long fibers used in the other products. In addition we observe on the photograph of right-hand side a zone dries on the weft yarn. This phenomenon is current in the case of the studied twill and does not seem correlated with the mechanical properties obtained. However, the dry zones, just as the cavities, constitute an indicator of performance of the impregnation and elaboration of the laminated plates. We are not currently to be in a position to say if the treatments of fabrics act on the number of cavities within the composite. It is a track to be studied undoubtedly.

CONCLUSION

The objective of work consists in understanding the origin of the non-elastic phenomenon observed in the behavior of flax/epoxy prepreg and analyzing the influence of the many parameters occurring in their elaboration. The products tested are elaborated and treated industrially.

We study the influence of the torsion of the roving by comparing the product reference, A WOVEN, with a UD, a SWEN and a MAT having a privileged orientation. These four products are intended for the uni-directionnel reinforcement. The study confirms the non-elastic behavior of the composite flax/epoxy. We propose to generalize this behavior in three zones: a linear elastic strain, a non-elastic strain associated with a loss of stiffness, a resumption of stiffness. WOVEN offers the best results. We postulate that the elimination of pectins, facilitated by the wet spinning, allows in spite of the morphology of the reinforcement in twisted roving, a better effectiveness of the interface fibers/resin than for the other products tested.

We studies the influence of the textile treatment by comparing the reference product, a 2/2 twill UNBLEACHED made up of yarn worked out in semi-wet spinning with the same WASHED fabric, BLEACHED, MERCERIZED and with a 2/2 twill constituted by leached yarns. The MERCERIZED offers the best performances and the leaching weave fabric presents of the performances lower than fabrics untreated. We think that beyond the physicochemical action of the treatment, the important thing is to optimize the multiple parameters concerned in the treatments (proportioning, temperature, duration, containment…). A compromise is to be found between the elimination of pectic cements, which obstruct the impregnation of the resin, and cellulose attacks it, which deteriorates the intrinsic performances of elementary fibers. A treatment ensymatic to the pectinase will be implemented to confirm this assumption. This treatment is primarily witness of pectins without attacking to cellulose.
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 1 Figure 1. Influence of the roving torsion, stress/strain and evolution of the module, average test.

Figure. 2 .

 2 Figure. 2. Influence of treatment, stress /strain curve and evolution of the modulus, average test.
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 3 Fig. 3. Behavior of elementary fiber of flax Figure. 4. Behavior of the flax/ epoxy composite

Figure 5 .

 5 Figure 5. Observation on the failure topography, a WOVEN yarn on the left, a UD technical fiber on the right.

Figure 6 .

 6 Figure 6. Observation of a section of specimen after traction, LEACHING on the left, LEACHIN WOVEN on the right.

Table 1 .

 1 Properties of flax fibers compared with those of current fibers.

		Flax	Glass E	Aramide	Carbon HR
	D (s.u)	1.53	2.54	1.45	1.94
	E (GPa)	58	72	135	588
	σ R (MPa) ε R (%)	1340 3.3	2200 3	3000 4.5	3920 0.7
	E / D (GPa)	38	28	93	303
	σ R / D (MPa)	875	866	2100	2020

Table 2 .

 2 Products to test the influence of the torsion of the roving; the reference material is WOVEN.

	Name	weight of	fibres	textile treatment	warp/weft ratio	model of the texture
		fabric	type			aspect
		(g/m²)				
						²
	UD	78	long fibres	nothing	nothing	
	SEWN	125	long fibres	nothing	?	
	MAT	151	short fibers	nothing	nothing	
	WOVEN	117	long fibers	yarn leaching (wet spinning) before weaving	1/19	

Table 3 .

 3 The 2/2 twill prepregs to test the influence of the textile treatment; the reference is the UNBLEACHED twill.

	Name	weight of	Fibers type	textile treatment warp/weft	model of the
		fabric			ratio	texture
		(g/m²)				aspect
	UNBLEACHED	300	longue fibers	nothing	1	
	YARNS LEACHED	300	short fibers	leaching of yarns (wet spinning) before weaving	1	idem
	LEACHED	300	longue fibers	leaching of fabric	1	idem
	MERCERIZED	300	longue fibers	mercerization of fabric	1	idem
	BLEACHED	300	longue fibers	bleaching of fabric	1	idem

Table 4 .

 4 Torsion Influence of the roving, properties and results.

	type/properties	UD	TISSÉ	COUSU	MAT
	Weight of fabric (g/m²)	78	125	151	117
	Number of plies	14	11	10	12
	V F (%)	44	50	56	49
	D	1,27	1.28	1.3	1,28
	E (GPa)	26.3	28	27.9	16
	finale stiffness (MPa)	19,5	14.1	-	6.4
	σ R (MPa) ε R (%)	259 1.4	311 2	156 1.2	146 1.7

Table .

 . 

			5. Influence treatment, properties and results.	
	type/properties	WOVEN	LEACHED	BLEACHING MERCERIZE UNBLEACHED
						YARNS
	weight of fabric	300	300	300	300	300
	(g/m²)					
	folds numbers	7	7	7	7	7
	thickness (mm)	2.66	2.61	2.65	2.65	2.72
	V F (%)	63	63	66	66	67
	E (GPa)	124	142	141	143	108
	finale stiffness	4.19	6.14	6.85	7.24	3.52
	(MPa)					
	ε R (MPa)	98	117	124	127	81
	ε R (%)	2.05	1.75	1.7	1.64	1.98