Green synthesis and characterization of Nb2O5 nanoparticles from Carya illinoinensis nutshell extract.
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Abstract
Niobium is a metal that has been attracting great interest to produce high technology materials, in which niobium oxide nanoparticles (Nb2O5-NPs) are inserted. The objective of this work was to develop and characterize structurally and morphologically the Nb2O5-NPs using niobium chloride as a precursor in a solution of extract of agroindustrial residue of pecan nutshell (C. illinoinensis). The Nb2O5-NPs were characterized using the techniques of X-ray diffraction (XRD), zeta potential (ZP) and zero charge point (pHPCZ). Thus, it was possible to observe average crystallite diameter (dc) for Nb2O5-NPs calculated using the Debye-Scherer equation was 26.0 ± 13.8 nm., the zero charge point (pHPCZ) obtained experimentally was 6.37 and, when pH < 6.37 the surface of Nb2O5-NPs is protonated and when pH> 6.37 it is deprotonated, making it possible to develop Nb2O5-NPs using agroindustrial residue of pecan nutshell.
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1. Introduction
Niobium is a metal that has a silvery appearance, with a body-centered cubic (CCC) structure, which is soft and ductility in its pure state [1]. Brazil holds 98% of known commercially viable reserves of niobium. Furthermore, the growing interest in niobium is related to its multiple uses to produce high-technology materials. Niobium is one of the strongest Lewis acids known, allowing its use in nanomaterials for catalysis in the form of niobium oxide [2].
The growing interest in niobium is related to its multiple uses to produce high-technology materials. Niobium is one of the strongest Lewis acids known, allowing its use in nanomaterials for catalysis in the form of niobium oxide [3]. The number of studies on the properties of niobium (V) oxide nanoparticles (Nb2O5-NPs) in biological environments is increasing, due to the different physical and chemical characteristics of their micrometric compounds [4,5]. Nanotechnology, in turn, is a field of research in growing development and relates concepts from physics, chemistry, biology and technological objects on a reduced scale, with interdisciplinary application, such as metallic nanoparticles, which have been increasingly studied due to their unique properties, including antioxidant activity [6].
According to [7], there are around 3.4 thousand hectares dedicated to the production of pecan nuts (Carya illinoinensis) in Rio Grande do Sul - Brazil, with the use of the fruit being around 40 - 60%, making it necessary to find alternatives for using the agro-industrial residue. The pecan nutshells present bioactive molecules that can act as reducers and stabilizers for application in the synthesis of nanoparticles.
Green synthesis is a method that uses bioactive compounds naturally present in roots, stems, leaves and nutshells as reducing, stabilizing and nucleation agents for the synthesis of nanoparticles. Thus, the green synthesis is an eco-friendly method to synthesized nanoparticles without the use of hazardous and toxic substances [8]. 
In the literature there are research using the green synthesis to produce a variety of metallic oxide nanoparticles (TiO2, CuO, ZnO, etc) for application in heterogenous photocatalysis [9]. Additionally, there studies reporting the potential of the C. illinoinensis nutshell extract in the green synthesis of Pd-nano catalysts [10]. However, there is a lack of studies showing the feasibility of synthesis of Nb2O5-NPs using green synthesis. Therefore, the present work aims to synthesize and characterize Nb2O5-NPs by the green synthesis method using an extract from the agro-industrial residue of pecan nutshell (C. illinoinensis).
2. Methodology
The synthesis of niobium V oxide nanoparticles (Nb2O5-NPs) was conducted using the green synthesis method [11]. Thus, a solution of 0.1 mol Nb2O5. L-1 was used as a metal precursor. The reduction of the metal precursor was carried out using an aqueous extract of pecan nut shell (C. illionensis).
The extract was prepared by infusing 10 g of pecan shell in 500 mL of distilled water at 90°C for 10 min under magnetic stirring (300 rpm). At the end of the time, the extract was cooled until it reached room temperature and filtered using qualitative filter paper. The solution was subsequently stored in an amber bottle at room temperature until use.
For the synthesis of Nb2O5-NPs, 50 mL of aqueous extract of pecan nut shells were mixed with 50 mL of Nb2O5 and ammonium hydroxide solution until reaching a pH in the range of 10-11. The process was carried out at room temperature with magnetic stirring (300 rpm) for 60 min. Then, a drying step (80°C for 12 h) and calcination (500 °C at 10 °C.min-1 for 2 h) was carried out to stabilize and activate the Nb2O5-NPs.
2.1 Characterization
The crystalline phases were determined by X-ray diffraction (XRD) using the Bruker diffractometer (D2 Advance, λCu-α = 0.15418 nm) ranging from 10° to 90°.  To determine the crystalline diameter (dc) the Debye-Scherer equation was used according to Eqs. (1).


Where: β is the Width at Half Height (FWHM), λ is the characteristic wavelength (0.1531 nm), and θ (º) is the Bragg diffraction angle.
For the zeta potential (ZP) it was used to determine the surface charge on the Malvern-Zetasizer® equipment (ZEN3600, UK). The zero charge point (pHPCZ) was determined using an 11-point test with a pH in the range of 2 to 12, according to the literature [12].

3. Results and discussion
Figure 1 shows the X-ray diffractogram of Nb2O5-NPs. The results shown in Figure ° (102) (JCPDS] no. 28-0317). The average crystallite diameter (dc) for Nb2O5-NPs calculated using the Debye-Scherer equation was 26.0 ± 13.8 nm. In this way, the nanometric size of the particles synthesized through green synthesis is proven. Furthermore, the zero charge point (pHPCZ) obtained experimentally was 6.37 as shown in Figure 2. Therefore, when pH < 6.37 the surface of Nb2O5-NPs is protonated and when pH> 6.37 it is deprotonated [13].
Figures may be placed next to each other to save space.
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Fig. 1. X-ray diffraction diagram of Nb2O5-NPs.
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Fig. 1. Zero charge point of Nb2O5-NPs.

3. Conclusion
Nb2O5-NPs were produced by green synthesis using C. Illinoiensis nutshells extract. XRD diffractogram showed that the Nb2O5-NPs were crystalline with the presence of pseudohexagonal phase and an average crystallite size of 26.0 ± 13.8 nm. The green Nb2O5-NPs, when pH < 6.37 the surface is protonated and when pH> 6.37 it is deprotonated the zero charge point was 6.37, and the band gap energy was 3.25 eV. 
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