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Abstract
The number of research seeking the application of natural resources in the preparation of composite materials is growing exponentially. An example of such research is the use of natural fibers of vegetable origin as reinforcement for the manufacture of polymeric composites. However, these materials have a low interfacial adhesion between fiber and matrix. This characteristic causes a reduction in certain mechanical properties of the composite. To overcome this problem, studies show that certain chemical treatments on the surface of the fibers are some alternatives that significantly increase the adhesion reinforcement/matrix, in some cases improving its mechanical properties. Given this context, it was made a sisal tissue and confectioned a partially ecological composite using this tissue as reinforcement and polyester resin as the matrix. Seeking to improve the adhesion fiber/matrix it was applied on the tissue sisal one 3% solution of sodium hydroxide (NaOH). The composite that used this reinforcement treated, compared with the composite of untreated sisal tissue, showed a better mechanical performance when submitted to the tensile test according to ASTM 3039, despite the appearance of microcracks spaced after the final analysis of the fracture.
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1 Introduction
Several recent technological achievements, particularly those related to relevant applications in areas such as aeronautics, aerospace, petrochemical, shipbuilding, bioengineering, automotive, construction, and sportswear, among others, became viable only after the advent of structural composites.1 Gay et al.2 define the composite material as a material formed by different materials, which is homogeneous when examined macroscopically. Moreover, it has continuous fibers or not, provides mechanical strength, and the matrix that gives form to final product.

In recent years, there has been growing interest in understanding thoroughly the characteristics and structural properties of the natural fibers used as reinforcement in composite materials, in order to adapt these materials to requirements of different functionalities within technologies.3
Thus, biocomposites of polyester matrix reinforced by vegetable fibers have been the subject of recent papers and patents, because of the excellent mechanical properties of these materials and the advantages associated with the use of such fibers because they are lightweight, nontoxic, have a low cost and being biodegradable. Among the various natural fibers stand out in the preparation of composite materials: the fiber of sisal, jute, hemp, ramie, palm, pineapple, sugar cane bagasse, wood fiber, coconut fiber etc., which have good properties  of tensile and impact when used with different resins (matrix) as polyester, epoxy or phenolic resins.4,5 The versatility of sisal fibers, which adapt to different composite conformation processes, such as filament winding, laminating, resin transfer molding, extrusion, injection, etc., makes this material strategically important to develop new composites. Among other advantages of the sisal, one can mention the ease of surface modification, characteristic of vegetable fibers, their abundance in Brazil and the ease of cultivation.6,7
This type of reinforcement also presents polar chemical components, such as lignin and hemicellulose, and the presence of waxy fats, which minimize the fiber / matrix adhesion, thereby reducing the mechanical properties of the composite. These factors, coupled with low resistance to moisture absorption, compromise sometimes the use of these fibers in composite materials.8,9 To overcome this difficulty, various approaches have been made to modify the adhesive properties of the fiber/matrix in composites reinforced with natural fibers. Chemical or physical changes in the fiber, matrix or both components, such as using, for example, sodium hydroxide, silanes, permanganate, N-isopropylacrylamide and acetylation, have shown positive changes in most cases.10, 11,12
Therefore, this study developed two composites with only one layer, configuration Basket Oxford, polyester resin matrix and sisal fiber reinforcement. However, one of these composites utilized sisal fiber treated with sodium hydroxide (NaOH) at a concentration of 3%, while the other employed the said fiber without any treatment. For these composites manufactured by the hand-lay-up process, the mechanical performance was determined by tensile testing in accordance with ASTM D3039 and the final fracture was characterized by optical microscopy.
2 Materials and Methods
2.1 Matrix and Reiforcement
For the manufacturing of plates of composite, it was used, as matrix, orthophthalic unsaturated polyester resin L-120/08 pre-accelerated, manufactured by NOVOCOL, with a density of 1.15 g/cm ³ and a Brookfield viscosity, at 25 ° C, between 260 and 300 cP. The curing system used for the resin was the methyl ethyl ketone (MEKP) catalyst, manufactured by AKZO NOBEL. The sisal fibers used for the manufacturing of tissues were produced at the city of João Câmara, at Rio Grande do Norte state, having an average diameter of 0.125 ± 0.028 mm. The tissues were obtained with a grammage of 43.0348 g/m² for the untreated tissue and 43.0878 g/m² for the tissue treated with sodium hydroxide.

2.2 Equipments

The equipments used for this research were the universal testing machine (Pavitest) and an electronic scale analytical, model FA2104N (BIOPRECISA).
2.3 Treatment solution
A solution of sodium hydroxide at a concentration of 3%, used for the treatment of sisal fibers, was prepared in 2000 mL of distilled water and 60 mg hydroxide.
3 Methods
3.1 Preparations of Tissues
The tissues were manufactured on a manual loom with dimensions of 300 x 300 mm, using rovings sisal with 20 wires each, arranged in the warp and interwoven by the weft so as to obtain tissues type configuration 2x1 Basket Oxford, as can be seen in images in Figure 1.
Figure 1: Manual loom and tissue type configuration 2x1 Basket Oxford.
3.2 Treatment
The treatment of the sisal fibers tissue was made with the fibers still arranged in the loom, so that it was immersed in the solution of sodium hydroxide (NaOH) 3% for 1 hour, and after the tissue was subjected to various baths with distilled water in order to obtain a neutral pH for the same.
3.3 Preparation of the composite

The two composites were produced by the process of hand lay-up, with 1% (by volume) of catalyst with respect to the polyester resin. After fabrication of the plates, samples were cut for testing of uniaxial tensile and density.
3.4 Density Test

To carry out this test, five samples were fabricated by ASTM D 792, having a dimension of 25 x 25 mm.

3.5 Tensile Test

This test was performed according to ASTM D3039 (14), using five samples. The values of the properties were determined from the average results during testing. The test was performed at a speed of 1mm/min.
4 Results and discussion

4.1 Density of composite

In Table 1, one can observe the densities of both composites. As the table shows, there was little difference, almost irrelevant, between the densities of the composites made with treated and untreated chemically fibers.
Table 1. Density test results in treated and untreated composites.
4.2 Tensile test

The results of the tensile test indicated that the material containing chemically treated reinforcement obtained an increase in resistance as 36%, as can be seen in Figure 7. This gain can be justified due to the removal of the wax layer on the surface of the fibers, thus increasing the adhesion fiber/matrix. Similar data were obtained from the work done by Sreekumar et al.,3 in which the resistance (strength) to traction also increased by 36%.
Figure 2: Maximum tensile strength of the untreated and treated composites.

Regarding the modulus of elasticity (tensile modulus), the composite with treated fiber showed best performance (50.0% increase) when compared to the composite with untreated reinforcement, as can be seen in figure 3. The modulus of elasticity was determined at 50% of maximum tensile strenght. In the work of Sreekumar et al.,3 this behavior characterized by increase in rigidity was also observed.
Figure 3: Elasticity modulus of the untreated and treated composites
The gain in both the resistance and the rigidity of the fibers after treatment can be justified due to the reaction of the hydroxide with the hydroxyl groups of the hemicellulose of the material, occurring destruction of cellular structure and thus dividing the fibers into filaments. This phenomenon, known as fibrillation, breaks the beam of treated fibers, reducing their diameter by dissolving of hemicellulose and removal of lignin , which are cementing materials.12 Fibrillation increases the effective surface area available for contact with the matrix, and increases the percentage of crystallinity index of fibers due to removal of cementing materials, which leads to a better packing of the cellulose chains, affecting positively, in most cases, the mechanical characteristics of the fibers.13
With regard the deformation (elongation) of the material, the composite containing treated fibers deformed slightly more, about 4.7% approximately, compared to the composite with untreated  fibers , according to Figure 4.

Therefore, the results clearly demonstrate the influence of chemical treatment on the mechanical behavior of the material, because the NaOH tends to minimize the waxy layer that coats the natural fiber, thereby increasing the adhesion fiber / matrix, and thus reflecting an improvement of mechanical properties of the composite laminate.
Figure 4: Maximum deformation of the untreated and treated composites.

5 Analysis of the fracture

Next, it will be presented the characteristic of final fracture after the traction of samples containing fibers untreated and treated superficially. In Figure 5, it can observe the cohesive fracture in the matrix of the composite with untreated tissue.
Figure 5: Final fracture of the untreated composite.
In Figure 6, one sees a cohesive fracture in the matrix. The fracture propagates by the reinforcing layer, then causing fracture of adhesion fiber/matrix. In Figure 7, it can be observed spaced microfissures, perpendicularly to the effort, with nucleation in the tissue.
Figure 6: Propagation of the fracture in treated composite.
Figure 7: Spaced microfissures in treated composite.
6 Conclusions

According to the results presented here, it can be seen that the material with better mechanical performance when subjected to tensile test was that one whose reinforcement was treated with sodium hydroxide at 3%. It showed an increase of 36 % in tensile strength, 50% in elasticity modulus and 4.7% in deformation when compared to untreated composite. Furthermore, various types of damage were observed in the fractured composite but also became evident that, despite the appearance of spaced microfissures in the composite using treated fibers, these did not affect their mechanical performance.
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Figure 1: Manual loom and tissue type configuration 2x1 Basket Oxford.
Table 1. Density test results in treated and untreated composites.
	Type of composite
	Density (g/cm³)

	Untreated composite
	0.99 ± 0.01

	Treated composite
	1.02 ± 0.01
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Figure 2: Maximum tensile strength of the untreated and treated composites.
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Figure 3: Elasticity modulus of the untreated and treated composites
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Figure 4: Maximum deformation of the untreated and treated composites.
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Figure 5: Final fracture of the untreated composite.
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Figure 6: Propagation of the fracture in treated composite.
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Figure 7: Spaced microfissures in treated composite.
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