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Abstract
In this work, a modification of the sugarcane bagasse is performed, in order to obtain organic catalysts. The bagasse analysis is performed using X-ray diffraction (XRD) and Fourier Transformer
Infrared Spectroscopy (FTIR), which indicated that characteristic peaks determined its chemical
compounds. In addition, Scanning Electron Microscopy (SEM) is used to know the morphology. Finally, a discoloration test is conducted on an azo compound (methylene blue) in an aqueous medium,
obtaining an efficiency of 98.6%.
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1. Introduction
The fibrous agricultural residues depict 50% of the total production of organic matter of vegetable farming. In
Mexico, an abundant crop residue, is the cultivation of grain corn (stover); it had estimated that the corn surface
planted in the last 6 years, was around 8.4 million hectares per agricultural year (average area). The corn production was between 14 and 18 million tons per crop year since 2007.
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On the other hand, the waste generated by the sugar industry in the manufacturing process, is the sugarcane
bagasse. It is estimated that for every ton of sugarcane generates 150 or 160 kg of dry sugarcane bagasse.
The sugarcane (Saccharum officinarum L.) is a tropical grass, a giant grass related to sorghum and maize. It
comes from the Far East, where it arrived to Spain in the ninth century. In Mexico appeared after the Conquest,
settling the first sugar industries in the warm parts of the country, as part of the colonization. It supplies 70% of
global demand for sugar followed by beet. The sugar obtains from fresh and sweet cane juice, the leaves and
stems use as fodder for livestock. There are different types of sugar, from piloncillo or panela (powdered brown
sugar) to refined sugar, which is used as a staple food of human or as raw material for industry. It transforms into ethyl alcohol, lactic acid, dextrose and glycerin [1]-[3]. It is one of economic main sources in 15 states and
227 towns of the Mexican Republic; nevertheless sugarcane plants and processes are presented in 667 communities [4]. The top producing states are Veracruz, followed by Jalisco, where reached 6 tons every year and Oaxaca [5]. Currently, and due to environmental issues in Mexico, the sugarcane is a reference as a source of biomass for renewable energy. More than 70% of the production of waste from the sugar industry is destined for
the production of bioethanol. The use of biomass for energy in Mexico represents 8% of the primary energy demand and focuses on the use of residential wood and small industries and the use of bagasse in sugar mills.
However, bioenergy has a much wider potential and could become one of the pillars of sustainable development in
Mexico [6].
Water pollution is a major environmental problem faced by modern society [7] that leads to ecological disequilibrium and health hazards [8]. Many efforts have made recently to find cheaper pollution control methods
and materials [9]-[11]. The new material world trends point to the importance of using industrial and agricultural
residues as production starting materials. Reusing and recycling these residues can minimize the environmental
problems associated with their build-up and reduce the use of noble starting materials. This trend has contributed
to the reconsideration of the use of traditional biomaterials such as natural lignocellulosic fibers to substitute
synthetic polymers, for example, since in many cases they have a better performance [12]. Accordingly, it has
increased the importance of recycling. Sugarcane bagasse has around 50% cellulose, 27% polyoses, and 23%
lignin [13]. These three biological polymers have many hydroxyl and/or phenolic functions that can be chemically reacted to produce materials with new properties [14] [15]. The remaining bagasse continues to be a menace to the environment and a suitable utilization of this residue is an important target to be pursued [16].
Despite the many studies of the chemical modification of cellulose published around the world in this area [17]
[18], only a few have investigated the modification of bagasse sugar [19] [20].
Due to this fact, in the present study, the sugarcane bagasse examined using three different characterization
techniques, Scanning Electron Microscopy (SEM), Fourier Transformer Infrared Spectroscopy (FTIR) and X-ray
diffraction (XRD), to be used as a bio-absorbent for the azo compound discoloration.

2. Materials and Methods
2.1. Materials
The organic material used in this research, sugarcane bagasse, found in the North part of the state of Veracruz,
where the crop is naturally exploited by the conditions that owns the land. The sugarcane bagasse obtained in the
community of Rancho Alegre, Mecatlán Town, Veracruz. On the other hand, the H3PO4 acid (Aldrich brand)
was provided by the Faculty of Chemistry of the Universidad Veracruzana, Campus Poza Rica-Tuxpan.

2.2. Bio-Absorbents Preparation and Characterization
It required 80 - 100 pieces approximately 60 cm long of sugarcane bagasse to obtain only 250 g of solid material
corresponding to each of the samples; 10 mg used to conduct the characterization procedure. Subsequently, the
chemical modification of the organic material (sugarcane bagasse) carried out using 0.80% of H3PO4 acid for
impregnation. Finally, the characterization tests of both natural and modified materials, performed. In relation to
the characterization, micrographs of the morphology of the sugarcane bagasse, natural and modified, obtained
using a Scanning Electron Microscope (SEM) Quanta 3D FEG (FEI). Then, Fourier Transformer Infrared Spectroscopy (FTIR) used to identify the elucidation of functional groups present in the molecular structures of sugarcane bagasse in both, natural and modified states, an IR2 module of infrared spectroscopy used by Illiminat
Fourier Transform IR from Horiba JobinYvon coupled to a micro-Raman confocal spectrometer Labram HR800
from Horiba Jobin Yvon. Finally, the X-ray diffraction performed on a Rigaku Miniflex 600 equipment.
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2.3. Discoloration of Azo Compound

The discoloration of the azo compound (methylene blue) performed in aqueous medium in a batch reactor to verify the efficiency of bioabsorption of the prepared material.

3. Results and Discussion
3.1. Morphology of Sugarcane Bagasse
Figures 1-3 show the natural material micrographs where it is possible to observe the disintegration of the sugarcane bagasse after the drying process. The bagasse tissue has a cellular structure composed of medulla,
mainly formed of parenchymal cells of thin, elastic walls and numerous perforations. Besides being associated
with fibrovascular bundles, which are thin, thin-walled with blunt ends, forks and their surfaces occasionally
have small pores [21]. On the other hand, the bark fibers lignified, with higher length, diameter and thicker walls
and pores present in the entire surface [22] [23]. It observes in the SEM micrographs (Figure 1) where it is
possible to appreciate regular sharp extreme fibers, but in this particular case with lengths of 10 - 40 microns.
The fibers of (Figure 2 and Figure 3) also present sharp edges and the significant length of 100 - 400 microns
represents the own cane size [24]. As the fibers coat by soft tissue, there is the presence of sclerotic cells and

Figure 1. (a)-(d) SEM micrographs of the natural sugarcane bagasse (10 - 40 µm).
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Figure 2. (a)-(d) SEM micrographs of the natural sugarcane bagasse (50 - 100 µm).

parenchymal cells with rounded shapes that appear with no perforated ends, thin wall and crossed by small canaliculus. In addition, vessel elements (Figure 4) present like cylindrical sieve tubes and other ringed. The cylindrical vessels are of variable size, simple and oval tips. Ringed vessels are of smaller size and more isolated.

3.2. Fourier Transformer Infrared Spectroscopy (FTIR)
The infrared spectra of each sample obtained using an ATR objective. In this particular case, a comparison conducted between unmodified and modified samples in relative scale and an absorbance presentation. Figure 4(a)
shows bands in the spectrum at 866.7, 907.6, 987.6, 1047.1, 1236.8, 1342.8, 1424.6, 2940.4, 3310.5, 3373.5 and
3554.2 cm−1. These results are coherent to study of Mothé-Miranda [25]. In relation to spectrum in (Figure 4(b)),
it shows that the bands exhibit a shift in their position but remain within the corresponding spectral range, making infer symmetry loss of sucrose to a “semi-amorphous state”.
This information corroborated by the analysis of Salgado-Delgado [26], where it was possible to observe that
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Figure 3. (a)-(d) SEM micrographs of the natural sugarcane bagasse (400 - 500 µm).

the treatment modified the surface of the sugarcane bagasse cellulose. It was because the treatment led to vanish
the signal 1700 - 1756 cm−1 that corresponded to the stretching of C=O [27], present in the lignin, and decreased
the stretching signal of C=C (1600 cm−1) corresponding to the aromatic ring present in the lignin. All bands influenced by the transformation related to the change of intra and intermolecular bonds [28]. It noted that the
large removal of lignin could attribute to the disappearance of the bands at 1604, 1514 and 1252 cm−1 [29]. The
absorbance of the band at 1377 cm−1, corresponding to the deformation by vibration of C-H, decreased due to
the high lignin removal [30].

3.3. X-Ray Diffraction
Figure 5 and Figure 6 show the X-ray diffractograms of natural and modified sugarcane bagasse, respectively.
The first graph (Figure 5) shows characteristic peaks of a phenomenon of forced dispersal by electrons scattering the X-rays in all directions. However, (Figure 6) shows a uniform diffractogram with only one characteristic
peak, which indicate that there is a widening of the material due to the possible presence of small crystals. In
general, with a smaller crystal size there will be much wider diffraction peaks.
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Figure 4. (a) FTIR spectrum of natural sugarcane bagasse fibers and (b) Spectrum of modified sugarcane bagasse fibers.

The sugarcane bagasse pretreatment has shown typical reflections of polymorphic form attributed to the native
cellulose [27]. After modification, a significant mass loss of amorphous cellulose and lignin, observed (Figure 6).

3.4. Discoloration of Azo Compound (Methylene Blue)
In accordance to the sugarcane bagasse results obtained as bio-absorbent, it proved with an azo compound (methylene blue) in aqueous medium, with an initial concentration of 10 ppm. The best results obtained with 0.80%
of phosphoric acid (98.65% adsorption). Figure 7 shows the sugarcane bagasse with the same acid, showing that
its efficiency is very good and similar to those results reached in other research work [31], using the same concentration of dye in 30 min time with the biomass Morinda citrifolia (L.).

4. Conclusions
It successfully carried out the chemical modification of sugarcane bagasse through the phosphoric acid.
Based on the X-Ray Diffraction (XRD) patterns, these showed the presence of characteristic peaks of sucrose,
cellulose and lignin, which corresponded to amorphous materials, so that; there was a widening of the material
due to the possible presence of small crystals.
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Figure 5. XRD diffractogram of natural sugarcane bagasse.

Figure 6. XRD diffractogram of modified sugarcane bagasse.
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Figure 7. Concentration ppm versus time of the azo compound (methylene blue)
with natural and modified sugarcane bagasse.
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These results were similar to that obtained in the Fourier Transformer Infrared Spectroscopy (FTIR). The
spectra showed bands mainly related to sucrose, and little intervention of lignin in the case of bagasse; impregnation did not alter the natural sample, so it was possible to conclude that the acid used for impregnation was a
convenient medium.
In respect to SEM images, the morphologies of the natural and modified samples were clearly identified. Fibers with sharp edges with the presence of sclerotic cells and parenchymal cells of rounded shapes with no perforated ends, thin walls and grooved, observed in the natural sugarcane bagasse. On the other hand, sieve vessels
and completely disintegrated and clean fibers appreciated on the modified samples.
The discoloration of methylene blue in the modified bagasse with phosphoric acid, proved to be very efficient,
obtaining an efficiency of 98.65% absorption.
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