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ABSTRACT
New materials formed by lignocellulosic compounds and metal oxides have recently received a great deal of attention because they offer a great potential to provide superior properties when compared to pure materials. Natural fibers exhibit high availability and accessibility, as well as being biodegradable. During this current study, a hybrid compound composed of cellulose from sugarcane bagasse and hydrous niobium oxide was developed. This was used as reinforcement in composites with low density polyethylene (LDPE) matrix. The use of maleic anhydride grafted polyethylene (MA-g-PE) as coupling agent was evaluated by tensile tests, Fourier Transform Infrared Spectroscopy (FTIR) and scanning electron microscopy (SEM). The results indicated that the addition of MA-g-PE generated increase in the tensile modulus of the composites, and the analysis of particle size shows that the use of 80 mesh promotes better dispersion and uniformity of the modified cellulose in the matrix, compared to the 20 mesh size.
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INTRODUCTION
In recent years, special attention has been given to agro-industrial residues in the preparation of new materials, as part of worldwide trends concerning environmental and economic viability [1]. Sugarcane bagasse, an agro-industrial residue produced in the sugar and alcohol industry, is considered as one of the largest natural fiber resources because of its high cellulose content, high yearly and yield generation capacity [2]. Research in the use of renewable natural resources has been carried out with lignocellulosic materials such as sisal fibers [3], banana [4], carauá [5], jute [6], bamboo [7], coconut [8] and SCB [9].
Polymer composites have been widely used for several years and their market share is continuously growing. It is widely known that the use of a polymer and one (or more) solid fillers allows obtaining several advantages and, in particular, a combination of the main properties of two (or more) solid phases. The use of polymer composites filled with natural-organic fillers, in replacement of mineral-inorganic fillers, is of great interest involving the reduction in the use of petroleum-based, nonrenewable resources, and in general in a more intelligent utilization of environmental and financial resources [10]. These materials present low cost, low density, renewability, good mechanical properties, and are also biodegradable. Stiffness, hardness and dimen​sional stability of plastics have also been improved by incorporation of lignocellulosic fillers [11].
Sugarcane bagasse fiber-reinforced composites, compared to those reinforced by glass fiber, exhibit better specific mechanical properties, such as stiffness, impact resistance, flexibility and modulus [12]. For these reasons, natural fibers composites have been used in many applications, such as construction materials, aerospace components and vehicles compartments [13, 14]. 

In general, vegetable fibers, when adequately combined with polymers, can provide better flexibility and improve mechanical resistance and toughness. However composites reinforced with natural fibers tend to show low mechanical resistance due to poor interfacial adhesion caused by the low chemical interaction of the fibers [15]. The modification of filler surface is essential to improve the interfacial adhesion between filler particles (hydrophilic) and polymer macromolecules (generally hydrophobic) and their dispersion in the matrix. This is a very important issue, as the simple addition of natural-organic fillers to a polymer matrix may lead to poor mechanical properties in comparison to the neat polymer. This problem can be mitigated by using polar adhesion promoters such as maleic anhydride grafted polyethylene (MA-g-PE) [16]. It is therefore clear that chemical modification or adhesion promoters use can be interesting ways to improve the overall mechanical properties. Modification relies on chemical and physical techniques, mainly focused on grafting chemical groups capable of improving the interfacial interactions between filler particles and polymer matrix [10].
The objective of the present work is to study the surface modification of sugarcane bagasse cellulose with Nb2O5.nH2O and this effect on mechanical properties of 95PEBD:5Cel/Nb2O5.nH2O + 5MA-g-PE composites, including the influence of particle size in the reinforcement.
EXPERIMENTAL
Bleached Cellulose
Natural sugarcane bagasse was first pretreated with 10 % sulfuric acid solution (reactor of 350 L at 120º C, 10 min), followed by centrifugation for the purpose of separating a solution rich in pentosans from the solid material. The extracted lignocellulosic fraction was delignified with 1% NaOH solution (reactor of 350 L at 100º C, 1 h). The crude pulp (50 g) obtained was bleached with 1 mL acetic acid PA and 3 g sodium chlorite under stirring during 1 hour at 70º C, followed by filtration under vacuum. It was then exhaustively washed with distilled water. This technique was used to remove residual lignin. Finally, the bleached cellulose was dried at 50º C for 12h [17].
Modified Cellulose 
The bleached cellulose fibers were modified by dissolution of metallic niobium in a mixture fluoridric and nitric acid 3:1 at room temperature; then cellulose bleached fibers were immersed in this solution. Solids were precipitated with ammonium solution (1:3), at pH 8, and filtered under vacuum, exhaustively washed with distilled water for the complete removal of chloride ions, and dried at 50º C for 24 h. The resulting material was designated as the hybrid: Cell/Nb2O5.nH2O, with 90 wt % of cellulose and 10 wt % of Nb2O5.nH2O. 
Composites Preparation
Low density polyethylene (LDPE) composites reinforced with 5 wt % of bleached and modified cellulose fibers from SCB were prepared in a roller mill, model MC 400-3 from Mecanoplast, which is basically an open mixer with horizontal arrangement of cylinders. The components were weighed and mixed at 150º C for about 15 minutes to complete homogenization. Two different particle sizes of reinforcement were added designated: 20 (0,85 mm) and 80 mesh (0,18 mm). Then the mixture was placed on a steel mold with a thin layer of calcium stearate, as a release agent. The mold was dimensioned according to the ASTM D 638-08 standard, and the material remained under pressure (60 kgf) for 10 minutes, at 150º C. Finally, the composite was cooled to ambient temperature naturally in order to avoid thermal shock and blistering. This methodology was also used to prepare the composite with 5 wt % over the MA-g-PE. 
Tensile Test
For tensile tests, composites and LDPE were analyzed with an EMIC universal testing machine. In the tensile test, five specimens of composites and LDPE were analyzed according to the ASTM D 638-08 standard.
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectroscopy was used to confirm the presence of Nb2O5.nH2O in hybrid and MA-g-PE in composites. FTIR spectra of LDPE and composites were obtained with a Shimadzu FTIR, model IR Prestige-21, in 4000-400 cm-1 range, with a resolution of 4 cm-1; and there were 16 scans for each spectrum. The samples were prepared using a 0,1 mm thickness film from the composites.
Scanning Electron Microscopy (SEM)
A LEO1450 VP model SEM was used to obtain micrographs of cryogenic fracture surface of composites and the LDPE. Samples to be observed under SEM were mounted on conductive adhesive tape and sputter coated with gold.
RESULTS AND DISCUSSION

Tensile Test
Mechanical properties of composites are summarized in Tab. 1. The addition of 5 wt % of cellulose increased the tensile strength and tensile modulus, and promoted a decrease of elongation at break. As expected, the addition of this fibers resulted in a more resistant and rigid material, but with smaller deformation. The presence of Nb2O5.nH2O has led to the formation of a composite with greater stiffness. The addition of MA-g-PE affected only the value of tensile modulus, causing an increase of about 10%.
Particle size of reinforcement

This study was conducted in order to evaluate the effect of modified cellulose particle size on mechanical properties of composites. Were defined two different particle sizes of reinforcement for the tests, 20 and 80 mesh.
The results obtained from the tensile tests, Tab. 2, indicate that a tensile strength found in composites with a particle size of 80 mesh was about 6 % lower than for the 20 mesh size. And, the tensile modulus found was about 15 % higher.

A very interesting result was that the elongation at break values ​​[%] were about three times higher for the 80 mesh than for 20 mesh size. For the composite with 5 wt % of hybrid the deformation using the 80 mesh size was about 160 % higher, while for the composite with 5 wt % of hybrid + 5MA-g-PE, this value was about 200 % greater. This information indicates that the incorporation of the coupling agent promoted a greater dispersion of the charge on the polymer matrix.
Fourier Transform Infrared Spectroscopy (FTIR)
In the IR spectrum of hydrous niobium oxide (Fig. 1), a strong and broad band in the 3500–3300 cm-1 region (O–H stretching vibration) and a band at 1640 cm-1 (O–H bending vibration) indicated the presence of coordinated water molecules, with the peak at 1400 cm-1 (O–H bending vibration) indicating the presence of surface hydroxyl on the metal oxide surface and the peak in the range of 900–500 cm-1 indicating Nb–O vibration [18]. The absorption peak at 1400 cm-1 can also be assigned to the stretching vibration of the N–H bonds of NH4+, which corresponded to the adsorbed ions [19] as it was used ammonium solution as precipitating agent.
Infrared spectra of sugarcane bagasse cellulose without and with modification are displayed in Fig. 1. The most visible differences between the spectra of pure cellulose and modified cellulose are the modifications of the signal at 900–500 cm-1 from Nb–O vibration and 3400 cm-1, which indicate the overlapping bands for the stretching of the hydroxyl, present in the cellulose and hydrous niobium oxide [20]. Thus, it is possible to confirm the presence of Nb2O5.nH2O in the modified cellulose.
Infrared spectra of LDPE and composites are displayed in Fig. 2. The composite with 5 wt % of hybrid + 5MA-g-PE presents new absorption bands that appeared at 1710 and 1735 cm-1 (C=O stretching) in the spectrum, which indicates the grafting of MAH groups onto the LDPE chains [21].
Scanning Electron Microscopy (SEM) 
The micrographs of cryogenic fracture surface of LDPE and composites were obtained by secondary electrons. Fig. 3 (A) shows the LDPE, in which regions alternating wbetween smooth rough areas and some unevenness formed during the break. 

The micrography of composite reinforced with 5 wt % of cellulose is shown in Fig. 3 (B). The cellulose fibers embedded in a polymer matrix also present the same features, as smoother regions alternate with rougher ones, but the considerable difference is seen in the rough regions, which are more pronounced, generating deeper failures. This is a clear indication of poor adhesion between lignocellulosic fibers and HDPE. Although there is fiber pullout, some of them are coated with the HDPE matrix.
The fractured surface of composite reinforced with 5 wt % of hybrid, Fig. 3 (C), revealed extensive interfacial delamination between the fiber and the matrix. It indicates that lignocellulosic fibers were hardly wetted by the LDPE matrix with a gap developing around the fibers. Pulled-out fibers and gaps are generally observed when the adhesion between fibers and matrix is not sufficient, and this suggests poor fiber-matrix compatibility. 
SEM micrography of cryofractured surfaces of composite with 5 wt % of hybrid + 5MA-g-PE is shown in Fig. 3 (D). The coupling agent causes a better wetting of the hydrophilic (polar) natural fibers through the hydrophobic (non-polar) matrix.
CONCLUSIONS
The particle size of reinforcement is a key parameter for the development of composites reinforced with cellulose from sugarcane bagasse. The results indicated that the use of the 80 mesh size promoted a greater dispersion and uniformity of lignocellulosic fillers in the polymer matrix, on this account the elongation at break value tripled compared to the composite with the 20 mesh size particle. This effect was even more pronounced for the composite with 5 wt % excess of coupling agent, MA-g-PE. 

The addition of MA-g-PE improved the interfacial bond strength of the LDPE/cellulose/Nb2O5.nH2O composites. Good compatibility and enhanced adhesion between the two phases were evidenced by the increase in tensile properties compared to the uncompatibilized material. The SEM micrographs ensured the role of a compatibilizer in reducing the interfacial energy and promoting the interfacial adhesion between the modified cellulose phase and the LDPE phase.
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Table 1 - Tensile test for LDPE and composites

	Parameters
	LDPE
	LDPE + 5 wt % Cellulose
	LDPE + 5 wt      % Hybrid
	LDPE + 5 wt % Hybrid +            5MA-g-PE

	Tensile Strength [MPa]
	11,04 ± 0,19
	12,15 ± 0,30
	13,04 ± 0,08
	13,50 ± 0,05

	Tensile Modulus [MPa]
	70,9 ± 4,6
	81.80 ± 3,9
	91,82 ± 5,16
	101,14 ± 7,00

	Elongation at break [%]
	450,21 ± 39,79
	42,28 ± 3,81
	33,38 ± 3,97
	32,83 ± 6,30


Table 2 - Tensile test for different particle size of reinforcement
	Parameters
	LDPE + 5 wt % Hybrid
	LDPE + 5 wt % Hybrid + 

5MA-g-PE

	
	20 mesh
	80 mesh
	20 mesh
	80 mesh

	Tensile Strength [MPa]
	13,04 ± 0,08
	12,78 ± 0,38
	13,50 ± 0,05
	12,64 ± 0,08

	Tensile Modulus [MPa]
	91,82 ± 5,16
	111,85 ± 5,71
	101,14 ± 7,00
	115,26 ± 4,47

	Elongation at break [%]
	33,38 ± 3,97
	87,61 ± 12,81
	32,83 ± 6,30
	99,09 ± 8,56
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Figure 1 - Infrared spectra of cellulose, hybrid and hydrous niobium oxide
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Figure 2 - Infrared spectra of LDPE and composites
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Figure 3 - Micrography of cryogenic fracture surface of LDPE (A), composite with 5 wt % of cellulose (B), composite with 5 wt % of hybrid (C) and composite with 5 wt % of hybrid + 5MA-g-PE (D).
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