Design of green routes for cellulose extraction

from a sugarcane by-product
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Introduction

Cellulose, the world’s most abundant natural polymer and a very promising renewable and biodegradable
material, can be used to produce valuable cellulose-based products [1]. In the context of sustainable
development, lignocellulosic biomass from industrial and agricultural wastes have attracted much
attention as cellulose sources [2]. Among agricultural crops, sugarcane plantations are famous for their
volumes and large amounts of residues. Sugarcane bagasse (SCB) is the main residue of the sugarcane
industry, representing almost 30% of the sugarcane agricultural product [3]. Currently, it is burned or used
for low-value applications, so the development of new cellulose-based added-value products is an excellent
route to promote its valorization, being of extreme importance for both economic and environmental
reasons. A range of physical, chemical and biological methods for cellulose isolation have been proposed
[4]. Promising green extraction methods that have recently attracted considerable attention include the use
of deep eutectic solvents (DES) [5] and autohydrolysis (AH) [6].
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Objectives

The aim of this work was to obtain cellulose rich fractions
from SCB through a green yet effective process. The
green methods tested include cellulose extraction using
deep eutectic solvents (DES: choline chloride/urea and
choline chloride/lactic acid) and autohydrolysis (AH). The
impact of the different treatments was evaluated
regarding cellulose content, lignin and hemicellulose
removal and product yield. Structural characterization
were  assessed by  Fourier-Transform  Infrared
spectroscopy (FT-IR), Powder X-Ray Diffraction (PXRD)
and Scanning Electron Microscopy (SEM) analysis.

Raw material and Cellulose Extraction
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The yield and chemical composition of the solid fractions rich in cellulose
obtained from the different treatments are presented in Table 1, while its
chemical profile, crystallinity and morphology characterized by FT-IR and PXRD
(Figure 1a and b, respectively), and SEM (Figure 2) were compared to SCB biomass
and standard cellulose from Sigma-Aldrich.

Table 1. Yield and chemical composition of the obtained solid fractions rich in cellulose, as well as the initial SCB

. Chemical Composition (%)
Yield (%) ] .. ..
Cellulose Hemicellulose Soluble Lignin Klason Lignin
Sugarc.ane bagasse - SCB - 36.2 1.1 22.6 £0.6 4.1 +0.2 20.0+0.3
1 ‘ DES Urea1 90.5 27.8+£0.3 20.6 £+ 0.4 9.2+0.2 10.9+0.4
| DES Urea2 91.5 30.3+0.3 21.1 £0.5 9.6+0.4 11.9+ 1.1
> > | 4 DES Urea3 92.7 343+ 1.0 259+ 1.8 11.4+0.3 15.5 + 1.0
| DES LA 90.7 34.7 +0.9 17.7 £0.3 5.9+0.2 15.8 £ 0.1
| AH 56.2 59.1 £ 0.9 11.4 +£0.2 2.3+ 0.6 26.0 £ 0.0
c--J's
Blade mill
4mm sieve CC (%Cl =79.7 £0.8)

Deep Eutectic Solvents Autohydrolysis

Choline chloride: Urea
* DES Ureal - 1:1; 80 °C; 24
* DES Urea2 - 1:2;80°C; 1

* DES Ureald - 1:2; 80 °C; 2-

+AH-H;0,170°C, 11

Choline chloride: Lactic acid
« DES LA -1:2;80°C; 24h

Chemical and Structural characterization

The solid fractions obtained were characterized in terms of lignocellulosic composition
following the analytical procedures for standard biomass analysis by the National
Renewable Energy Laboratory (NREL) [7]. e The FT-IR spectra were recorded using the
Frontier™ MIR/FIR spectrometer from PerkinElmer in a scanning range of 550-4000 cm™
for 16 scans at a spectral resolution of 4 cm™'. e The structure and crystallinity of the
samples was evaluated by PXRD using a Rigaku MiniFlex 600 diffractometer with Cu ka
radiation, with a voltage of 40 kV and a current of 15 mA (3 < 20 > 60; step of 0.01 and
speed rate of 3.0° /min). ¢ SEM analysis was performed on a JSM-5600 LV Scanning
Electron Microscope from JEOL, Japan. Prior to analysis, the samples were placed in
observation stubs (covered with double-sided adhesive carbon tape (NEM tape, Nisshin,
Japan) and coated with Aug/Pd using a Sputter Coater (Polaron, Bad Schwalbach,
Germany). All observations were performed in high-vacuum with an acceleration voltage
of 20 kV, at a working distance of 10-11 mm and a spot-size of 4. e Product yield (%) was
measured for each experiment and was expressed as the ratio of the mass obtained after
the isolation process and the mass of the initial biomass material used.

Conclusions
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Figure 1. FT-IR spectra (a) and PXRD analysis (b) of the obtained solid fractions rich in cellulose,
In comparison with the data obtained from a standard cellulose from Sigma-Aldrich (CC).

Figure 2. SEM images of the obtained solid fractions rich in cellulose: a) DES Ureal; b)
DES Urea2; c) DES Urea3; d) DES LA and e) AH.

Cellulose rich fractions were successfully obtained from SCB by sustainable methods. The autohydrolysis (AH) process was the most promising, producing a solid fraction
richer in cellulose (i.e., 59.1%) and with less hemicellulose (i.e., 11.4%), when compared to the fractions obtained by DES (i.e., 27.8-34.7% cellulose and 17.7-25.9%
hemicellulose). AH yielded a cellulose fraction with 56.2%, exhibiting a crystallinity degree of 56.1% (by PXRD) and typical cellulose functional groups (by FT-IR).
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