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Nanocellulose derived from natural substances offers a plethora of 
opportunities to produce superior material properties for various 
applications. In the present study, nanocellulose was extracted from Ragi 
Stalk (Eleusine Coracana) an abundantly available agricultural biomass. The 
cellulose was alkali-treated followed by bleaching to remove hemicellulose, 
Pectins, wax, and lignin. Green solvent i.e. ionic liquid (1-butyl-3-
methylimidazolium chloride ([Bmim]Cl)) was used to synthesize the 
nanocellulose through sonication and centrifugation. The FT-IR spectra 
reveal the functional groups and substantial conversion of cellulose to 
nanocellulose. The crystallinity of synthesized nanocellulose is illustrated by 
XRD. The surface architecture and the obtained nanocellulose size are 
represented by SEM and TEM monographs. The new finding is that the TEM 
images show the synthesized nanocellulose fibres have a smaller dimension 
between 14.58 and 22.17 nm evidenced through sonication. The thermal 
stability of the obtained nanocellulose was evidenced by using TGA/DTA. The 
thermal studies record that synthesized nanocellulose fibres shows 
phenomenal thermal stability up to 460 °C. 

© 2022 by SPC (Sami Publishing Company), Asian Journal of Green 
Chemistry, Reproduction is permitted for noncommercial purposes. 
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Graphical Abstract 

 

 

Introduction 

The energy sectors around the world are 

facing challenges to meet the demand and 

supply gap of energy as a result of population 

growth and industrial globalization. After coal 

and oil, biomass, and a carbon-neutral 

renewable resource derived from the carbon-

containing waste of diverse natural and 

anthropogenic processes has emerged as the 

third primary energy resource to close the 

energy gap. Biomass could be generated from 

different sources, including the timber industry 

besides, agriculture sector crops, forest raw 

materials, significant parts of domestic wastes, 

and wood. As a result, researchers and 

developers are increasing their focus aside from 

coal and oil and toward biomass, which will 

produce carbon-neutral energy and solve a 

range of problems such as themanagement of 

solid waste, health implications, and bushfires 

[1]. 

As a developing nation, India has battled for 

decades to comply with the global 

environmental and solid-waste management 

norms, which has been a significant obstacle. It 

generates an annual average of 960-1000 

million tonnes of solid waste, with the 

agricultural sector accounting for a large 

portion of this [2]. Post-harvesting is 

responsible for about 13% of all solid waste 

made in Asia [3]. India is one of the top three 

countries that grow maize, paddy, and wheat, so 

researchers are most interested in how to use 

the type of cellulose that comes from these 

crops. The most under-utilized forms of 

cellulose, according to the current research 

scenario, are Ragi Stalk, mango wood, rice husk, 

sugar cane, and peanut shell [4, 5]. With 50% of 

the workforce employed in agriculture. India is 

self-sufficient in natural cellulose, and there is 
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an abundance of bio-waste. Countries such as 

the United States, Europe, Canada, and Australia 

prioritize nanocellulose production due to its 

practical application in commercial products [6-

8]. In terms of nature, size, and function, 

nanocellulose is largely dependent on its parent 

cellulose. 

The recent years have seen the 

nanotechnology growth, which is 

interconnected with numerous other scientific 

disciplines and has an impact on all kinds of life 

[9]. Nanotechnology is a discipline of science 

that focuses on the development, modification, 

and application of materials with nanometer-

scale dimensions. Nanotechnology is essential 

to the study of nanoparticles due to their 

diverse uses [10]. Cellulose and lignocellulose 

nanoparticles play a vital role in 

nanotechnology. The cellulosic materials are 

the most prevalent biological raw materials and 

can self-assemble into well-defined designs of 

numerous sizes, from nano to micro. Moreover, 

cellulose is a multipurpose raw material that 

can replace a number of non-renewable 

substances [11]. 

Cellulose nanocrystals (CNCs) and cellulose 

nanofibrils are the two major types of cellulose 

nanomaterials (CNs) that can be derived from 

different plant and animal sources. Depending 

on their size and extraction process, cellulose 

nanocrystals may be referred to as cellulose 

nanowhiskers (CNW) or nano-crystalline 

Cellulose (NCC) [12, 13], and cellulose 

nanofibrils may be referred to as nano-

fibrillated cellulose (NFC) or micro-fibrillated 

cellulose (MFC) [14]. 

The cellulose content in Ragi Stalk (RS) is 

35%, and the average length of the Ragi stalk is 

0.5 m, as compared with other sources to 

prepare nanocellulose. Due to its lower lignin 

content (5-6%) and shorter growing cycle 

(approximately 80 days), it is widely suggested 

as a superior starting material for nanocellulose 

production [15, 16]. For the extraction of 

cellulose and NC, numerous plants, such as 

thehusk of coconut rice and maize, flax, sugar 

cane bagasse, etc., have been researched [17]. 

Because of its high strength and stiffness, it is 

recommended for the production of NC. Hence, 

Ragi stalk is therefore strongly found well 

suitable for the nano-cellulose synthesis, due to 

its availability in abundance and its feasibility. 

The low lignin content in the Ragi stalk also 

made it more appropriate for nanocellulose 

synthesis. Two common processes have been 

developed for nanocellulose synthesis: the 

chemical method involving acid hydrolysis of 

nanocellulose, and the oxidation method, which 

uses TEMPO (2,2,6,6- tetramethyperidine-

1oxyl). Due to its diverse features, availability, 

and flexibility in reuse, the green synthesis by 

using the ionic liquid (IL) approach has been 

replacing these conventional methods in recent 

years. Naturally occurring cellulose is insoluble 

in most of the solvents. However, it is soluble in 

IL. 

Ionic liquids are a type of salt composed of 

cations and anions that are liquid at the ambient 

temperature and are referred to as green 

solvents. The increased use of these compounds 

in the pre-treatment of lignocellulosic biomass 

is due to their unique physicochemical 

characteristics including adequate thermal and 

chemical stability, a low vapour pressure, and a 

high biopolymer-solvating capacity. The 

common ionic liquids for dissolving cellulose 

include 1-butyl-3-methylimidazolium chloride 

(BmimCl), 1-allyl-3-methylimidazolium 

chloride (AmimCl), and 1-ethyl-3-

methylimidazole acetate [18]. The recent 

research has identified ionic liquids as suitable 

solvents, swelling agents, and catalysts for 

nanocellulose synthesis. The major benefit of 

employing IL as a pre-treatment is the 

reproducibility of insolvency recovery with the 

minimum loss. It has been established that 
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more than ninety percent of BmimCl's activity 

can be recovered by reusing it four times 

without losing its potency [19]. The IL use as a 

nanocellulose surface modification medium has 

applications in nanomedicine and drug 

delivery, according to other researchers [20]. IL 

has recently been recommended as a reaction 

media for the homogenous production of 

cellulose. Therefore, according to some 

researchers, the homogeneous cellulose 

acetylation can be accomplished in AmimCl 

without the need for catalysts, resulting in 

cellulose acetates with a wide range of 

substitution degrees [21]. The purpose of this 

research is to synthesize nanocellulose from 

Ragi stalk, as displayed in Figure 1. FT-IR, X-Ray 

Diffraction, Scanning Electron Microscope, 

TEM, and Thermo Gravimetry studies were 

used to examine the effects of ionic liquid 

treatment on dissolution, morphology, thermal 

stability, crystallinity, and size in all three 

cellulosic materials.  IL does not contribute to 

acid waste and is a more environmentally 

friendly method of isolating nanocellulose 

compared with conventional studies [22]. 

 

Figure 1. Scheme of green synthesis of nanocellulose 

Experimental 

Materials and methods  

The Lignocellulosic material such as Ragi 

Stalk was collected from farmLands in and 

around Davanagere, Karnataka, India. The 

chemicals such as Chlorobutane (C4H9C) and 1-

methylimidazole (CH3C3H3N2) were bought 

from Sigma Aldrich. NaClO2, NaOH, and 

CH3COOH were purchased from Merck and 

Qualigens Chemicals. All chemicals have a 

purity of 98 to 99% and are used as such 

without purification.  

Alkali treatment  

10 g of finely ground, sieved Ragi stalk 

Powder treated with a 5% NaOH solution for 2 

hours at temperatures ranging from 85 to 100 

°C to remove Wax, Pectin, and hemicellulose. 

The obtained mass was filtered by repeated 
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rinsing with distilled water until it reached a pH 

of 7. After that, the product is oven-dried for a 

day or until it reaches a constant weight. This 

process makes fibres more susceptible to 

bleaching, and further chemical modification. 

Bleaching treatment-Pulping  

After being treated with alkali, the sample 

was bleached to remove any remaining lignin. 

Alkali-treated samples were treated with a 5% 

sodium chlorite solution. Then, the mixture was 

refluxed by using a thermomagnetic stirrer 

between 90 and 100 C for 3-4 hours by drop-

wise addition of acetic acid to maintain acidic 

pH. The repetitive washing was done with 

distilled water eliminates residual lignin. The 

synthesized cellulose was filtered by deionized 

water washing until it reached a neutral pH. The 

obtained mass was oven-dried for one day or till 

it yields the constant weight and stored for 

further process. 

Synthesis of Ionic Liquid (1-butyl-3-methyl-
imidazolium chloride)  

The two-necked round-bottomed flask 

containing 60 mL of 1-methyl imidazole (0.61 

mol) and 80 mL of Chlorobutane (0.76 mol) was 

immersed in an oil bath to ascertain constant 

temperature. The mixture was kept for 

overnight refluxing at about 115-120 °C in an oil 

bath with a magnetic stirrer until it gives yellow 

coloured transparent phase. After cooling the 

reaction mixture with ice cold water, the pure 

product was obtained in the form of an oil or 

solid. 

Nanocellulose synthesis in 1-butyl-3-
methylimidazolium chloride ionic liquid solvent  

It is synthesized by adding 10 g of 1-butyl-3-

methylimidazolium chloride ionic liquid into a 

100 mL dry two-necked flask fitted with a 

water-cooled condenser and carries calcium 

guard tube at the outlet of the condenser to 

avoid moisture entry. Then, it was placed in an 

oil bath to ascertain constant temperature. 1 g 

of finely ground and dried Ragi Stalk Cellulose 

(RSC) was added slowly into a flask containing 

above ionic liquid and refluxed on a 

thermomagnetic stirrer at 120-125 C for 1.5 

hours. By dissolving cellulose in ionic liquid, a 

pale-yellow solution was obtained. After that, 

the mixture was conciliated by adding 50 mL of 

ice-cold distilled water. The resulting 

nanocellulose precipitate was filtered, washed 

5-6 times with cold distillate water, dried, 

stored, and used as IL-RSNC. 

Cellulose dissolution in ionic liquid  

Graenacher [23] has filed a patent on the use 

of molten quaternary ammonium salts in the 

cellulose production, in which ionic liquids have 

been used to directly synthesize cellulose 

solutions. Swatloski et al. [24, 25] hypothesized 

that ionic liquid (combinations of halide anions 

and imidazolium cations) can dissolve cellulose 

directly with only the modest 

heating/microwaving. Furthermore, some 

research groups have demonstrated that a 

mixture of ionic liquid combinations and 

conditions can dissolve cellulose [26]. The 

anion of the ionic liquid interacts favourably via 

hydrogen bonding with the hydroxyl protons of 

cellulose, thereby breaking the strong 

intermolecular hydrogen bonds that exist 

between carbohydrate chains and promoting 

dissolution [27]. 

Characterizations  

The synthesized nanocellulose sample was 

analyzed by the instrumentation techniques 

mentioned here. The FTIR was recorded with 

Thermo Nicolet iS50. After being mixed with 

KBr powder, the sample was pressed into thin 

pellets. The sample's wavelength range was 
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measured to be between 4000 and 400 cm-1. 

The XRD data was recorded by using a Bruker 

D8 Advance Diffractometer. The crystalline and 

amorphous zone peak heights were measured, 

and the crystallinity index (CI) was calculated 

by using Scherer's formula with a 0.02 step size. 

The Jeol 6390LA/ OXFORD XMX N instrument 

used to capture SEM (Scanning Electron 

Microscopy) images had an acceleration voltage 

range of 0.5 to 30 kV. A secondary electron (SE) 

detector was used to acquire the images. TEM 

images were recorded by using a 200 kV, LaB6 

electron gun with a 0.23 nm point resolution, 

and 0.14 nm lattice resolution. TGA 

(Thermogravimetric Analysis) and DTA were 

performed by using the Perkin Elmer STA 6000 

instrument (Differential Thermal Analysis). 

Results and Discussion  

FT-IR analysis  

The chemical functional groups of cellulose 

were investigated by using FT-IR. FT-IR of 

Cellulose and IL-RSNC is depicted in Figure 2, 

that both have similar cellulose-I structured 

absorption peaks between 3321.59 and 

3331.89 cm-1, owing to -OH stretching 

vibrations caused by hydrogen bonding. The 

peaks at 2893.39 to 2901.02 cm-1 denotes the C-

H stretching vibrations. Whereas, the peaks 

between 1636.23 and 1641.31 cm-1 are caused 

by the H-O-H deformation of absorbed water 

and conjugated C=O stretch vibrations. The 

region of absorption between 1428.27 and 

1157.25 cm-1 was attributed to the asymmetric 

C-H deformation, which shifted to a low 

wavenumber and became weaker due to a 

reaction at higher temperatures with IL. The 

breaking of H-bonding was at O-6. The C-O anti-

symmetric bridge stretching is represented by 

the peak in the range 1157.25 to 1161.34 cm-1. 

The C-O-C pyranose ring skeletal vibration was 

assigned peaks ranging from 1029.99 to 

1045.96 cm-1. In cellulose, the peaks at 897.09 

cm-1 correlate to glycosidic linkage whereas it 

disappeared in IL-RSNC. Absorption peaks 

moving to the higher wavenumbers showed the 

transition from cellulose I to cellulose II. The 

result revealed that there was no intervening 

reaction in the middle of the dissolving process. 

 

Figure 2. FT-IR of cellulose and IL-RSNC 
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XRD analysis   

The XRD analysis shows that nanocellulose 

can be found to be crystalline. Figure 3 displays 

the X-ray diffraction patterns of IL-RSNC 

treated with ionic liquid. These XRD patterns 

depict typical patterns of semi-crystalline 

materials with an amorphous wide hump and 

crystalline peaks. IL-RSNC exhibits its 2 values 

in the range between 15.50°, 22.474°, and 

cellulose shows the peaks at 15.50° and 22.50. 

Due to the disruption of intermolecular and 

intramolecular hydrogen bonds of cellulose by 

the ionic liquid, the crystallinity index of the 

synthesized nanocellulose is reported to be 

slightly decreased than that of origin cellulose. 

SEM analysis  

The high-resolution surface imaging is 

possible by using a scanning electron 

microscope. By using an electron beam, the SEM 

produces images of the surface. The prepared 

nanocellulose was found to be fibrous with 

considerable aggregation, as seen by SEM 

images (Figure 4). The surface morphology and 

average size are depicted in the SEM images. 

This shows nanoscale dimensions, including the 

uneven cross-sections, a vast number of 

microscopic microfibrils, various forms, and 

non-uniform surfaces. The IL-RSNC 

morphology corresponds to nano-sized fibres in 

the form of regular structured bundles. Here, 

individualized nanofibers can be obtained with 

the ultrasonic treatment.  

TEM analysis 

The TEM images of IL-RSNC were obtained 

to analyse the internal morphology and 

structure of the synthesized nano cellulose, as 

displayed in Figure 5. The TEM image indicates 

that the obtained nanocellulose is in the form of 

nanofibers. Nanofibers are distinct in the form 

of bundles and readily visible. Even the 

tendency to agglomerate can be seen. The IL-

RSNC reveals nanofiber bundles with an 

average diameter between 14.58 and 22.17 nm 

and the length in terms of microns that are 

regularly organized. This is inferred from the 

above observation that the synthesized 

nanocellulose well exhibits nanoscale 

dimensions. The structured nanofiber bundles 

can be seen in IL-RSNC. The above analysis 

reveals that the ionic liquid readily dissolves the 

cellulose affecting the structure, morphology, 

and size distribution of the synthesized 

nanocellulose.  

 

Figure 3. The XRD pattern of IL-RSNC and cellulose 
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Figure 4. SEM monographs of IL-RSNC 

 

Figure 5. TEM Image IL-RSNC 

TGA/DTA analysis 

The thermal stability of the IL-RSNC was 

examined by using TGA, and the DTA curves are 

shown in Figures 6 and 7, respectively. Here, the 

weight loss occurred in three stages in the first 

stage, the water evaporation in the synthesized 

nanocellulose is observed between 80 °C to 

110.0 °C. The second and the third stage 

degradation depicts the major weight loss 
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between 250.0 °C to 329.5 °C regions indicating 

the hemicellulose depolymerization, glycosidic 

linkages, and they have broken. The onset 

degradation temperature is found to be 240 °C. 

Here, the weight loss occurred in three stages. 

The results depict that the significance of IL-

treated is that the synthesized nanocellulose 

indicates superior thermal stability of 459.9 °C. 

 

Figure 6. TGA of IL-RSNC 

 

Figure 7. DTG of IL-RSNC 

Conclusion 

In the present study, RS is an abundantly 

available lignocellulosic agricultural biomass 

utilized to produce nanocellulose from an ionic 

liquid. The FTIR spectra suggest that IL-RSNC 

exhibits the same distinctive cellulose peaks. 

The finding reveals that there was no 

derivational reaction during the cellulose 

dissolution process. According to the X-ray 

crystallographic investigations, produced 

nanocellulose consists of semi-crystalline 

materials with an amorphous wide hump and 

crystalline peaks. It implies that the hydrogen 
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bonds of cellulose were disrupted, resulting in 

the disintegration of the crystal structure 

during the entire process. Different shapes with 

a non-uniform surface, regular cross-sections, 

and a great number of microscopic microfibrils 

can be seen in the SEM images. The TEM images 

show that the synthesized cellulose is in the 

nano-scale dimension. Cellulose is apparently 

dissolved by the ionic liquid, a promising green 

solvent, which impacts the morphology and size 

distribution of the produced Ragi stalk in the 

nanometre size. According to TGA/DTA 

analysis, samples exhibit a minor weight loss of 

roughly 80-100 °C, which is attributed to the 

evaporation of water bound in the cellulose 

samples. The strong troughs in the DTA curve 

reveal that the breakdown onset of ionic liquid 

treated cellulose is 240 °C. TGA revealed that IL-

RSNC treated with ionic liquid has a higher 

degradation temperature (459.9 °C), indicating 

a greater thermal stability. Therefore, this 

research shows a new perspective to synthesize 

the high-strength nanocomposites and the high-

temperature resistant materials for the removal 

of heavy metals and demonstrates the 

remarkable practical application of 

nanocellulose from agricultural biomass by a 

greener pathway, which will undoubtedly 

address India's need for the solid waste 

management and reduce chemical waste 

through a more realistic approach. 
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