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Highlights

» Banana peduncle used as renewable source of lignin and potential source of
energy.

« Extracted lignin showed characteristics of herbaceous lignin.

* Morphological analysis showed high surface area, hollow spherical structures.
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 Calorific value of 21.43M]/kg of extracted lignin equivalent to sub-bituminous
coal.

Abstract

In this study, lignin, one of the commonly occurring natural polymers, is extracted from banana

agro-waste. Lignin is recovered from the spent liquor produced during alkaline pre-treatment of
agro-waste and precipitated by acidification. This study focuses on the physio-chemical
characterization and thermal degradation behaviour of lignin extracted from agro-waste biomass.

The extracted lignin yield accounts for nearly 12% of the biomass composition. Spectral analysis,

FTIR and NMR explain purity and carbon skeleton characteristics of herbaceous lignin monomers,
majorly G and S units. Morphological analysis by SEM showed hollow spherical structures with
large surface area for the extracted lignin. The calorific value of extracted lignin was experimentally

found to be 21.4276 M]/kg, which suggests the possible use of extracted lignin as an alternative to
sub-bituminous coal. Thermal studies of lignin showed that lignin degrades in a wide temperature
range releasing CO,, CH4, H,0, CO and H,. The volatile content of extracted lignin is found to be
31.42%, which suggests its possibility for gasification process. The overall outcome supported that
recovered lignin from agro-waste is a potential resource for bioenergy.
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Introduction

On following a linear economy for above 150 years, a one-way approach of production,
consumption and disposal has been realized to be an unfavourable choice for sustainable future.
Transition to circular economy develops a sustainable society as per its key principles; valorisation
of waste and by-products, minimization of disposal, dematerialization of economy and reduced
energy dependence on fossil hydrocarbon. One of the major moves to achieve circular economy is
to replace fossil resources with potential lignocellulosic resources from various primary (field-
based) and secondary (processing based) sources.
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Agro-residue is assumed to be an energy derivable source contributing to sustainable energy
generation [1]. Agriculture is the largest sector in the world economy, contributing 1/3rd of global
GDP and 26.81% of global employment and 38.14% of land area. In India, over 600 million tons of
agricultural residues are produced every year [2]. These include field waste, animal waste and agro-
industrial waste. Primary and secondary crop wastes mainly comprise of stalks, cob, straws etc.
which contains energy rich constituents that could meet the energy demands [3].

In the year 2017, approximately 5.6 million hectares of land are under banana production globally,
producing 20.20 tons/ha of banana fruit yearly. The banana plantation generates residues such that
the ratio of crop residue to product is 2.13:1 [4]. The non-edible fractions generated in these farms
are managed in many countries by mass burning, disposing at field, open dumping and discarding
into water bodies [5]. These result in loss of nutrients. The impact of this on soil and water
properties has been studied elsewhere [6]. However, the major ways of reuse of biomass are in
fodder, briquetting, biogas/composting, domestic fuel, textile, paper, cutlery, bedding material,
roofing etc. Agricultural residues for advanced techniques are also been studied in the form of
biochar for application in effective composting and as additives in concrete piles [7], synthesis of
porous graphitic biochar in removal of organic pollutants [8], biosorbents for pesticide removal [9]
etc.

But an effective utilization of biomass is limited, as major portion of lignocellulosic biomass fails to
meet the quality standards for its commercialization due its complexity in structure in the form of
cellulose, lignin, hemicellulose and extractives. Lignin is a major barrier for effective utilization of
crop biomass. Difficulty in commercialization of biomass is that lignin increases the fibre
indigestibility in cattle when used as fodder [10], inhibition in fermentation as well as accessibility
to cellulose in bioethanol production [11], yellowing of products in paper and pulp industries [12]
and hinder the spinning process in textile industry [13]. These limitations can be resolved by pre-
treatment for delignification prior to utilization.

Delignification can overcome the recalcitrance of feedstocks efficiently and thereby increases the
porosity of the biomass. Various pre-treatment technologies such as physical (mechanical or ball
mill), chemical (alkali/dilute acid/ionic liquid), biological (enzymatic) and physicochemical
(microwave, ultrasound along with chemical treatment) techniques remove most of the lignin
along with some amount of hemicellulose from the biomass. The lignin can be removed by
extraction as well as by degradation.

Alkaline pre-treatment methods solubilise most of the lignin from biomass into the solution due to
its affinity to lignin than to other components. It can be carried out under milder condition of
temperature, pressure [14,15]. This is due to the fact that, under acidic conditions, that are typically
utilized during the organosolv and acidic pre-treatment process, limited lignin selectivity is
observed due to the acidic hydrolysis of the cellulose component [16]. Similarly, the acidic
conditions catalyse lignin depolymerization simultaneously with condensation reactions that can
also limit lignin extraction. Acid conditions also concurrently produce inhibitory products such as
furfurals, aromatic acids, and ketones which makes it a less attractive method [17]. In fact, variation
in the structure and composition of lignin among different plants is considered to determine the



selection of extraction technique. Alkaline treatment is more effective for delignification of
herbaceous biomass [18]. Among various alkaline solvents, sodium hydroxide is considered to have
high reaction rate, less solvent concentration under low temperature and pressure [18,19]. Sodium
hydroxide cleaves the dimer containing syringyl units more rapidly than guaiacyl dimers. ie,
lignocellulosic biomass containing more syringyl unit can be delignified under higher pH.Lignin-
carbohydrate complexes of herbaceous plants contains ferulic bridges between lignin and
carbohydrate. Ferulic acid attached to lignin with ether linkage and to carbohydrate with ester
linkage, which can be easily cleaved by alkali [19]. Thus, alkaline treatments are highly selective for
lignin separation, and pulping process of herbaceous plants and it can be used to extract large
fraction of lignin with relatively high purity.

In this paper, non-edible banana agro-waste in the form of powder is treated in alkaline medium,
to extract lignin from biomass leaving a cellulose rich residue. NaOH solution breaks the bonds, and
then lignin fraction dissolves in the solvent, forming black liquor [20]. Lignin is recovered from the
black liquor by acid precipitation. Physicochemical characterization and thermal kinetics of
extracted lignin, using Friedman's method is used to derive the kinetic parameters like activation
energy using TGA data is investigated.
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Theory

The thermal degradation of lignin is a complex process because of the presence of aliphatic and
aromatic monomers. The single component decomposition may occur in parallel with each other or
in successive paths during the thermal decomposition. Therefore, an overall pyrolysis reaction
mechanism [21] can be expressed asLignin (sojiqy — Volatiles (gases) +Oil(Liquidy*Char (solid residue)

The conversion of lignin into product is assumed to be a single step process. Therefore, according to
Arrhenius ...

Materials and methodology

In this study banana peduncle from organic farm was selected as lignocellulosic biomass and
processed as reported in our previous study [2]. The banana peduncle was dried in direct sunlight
for initial drying, then powdered using mechanical grinder (Bajaj GX-1500) and sieved using 40-
mesh size. 4g of sieved biomass was incubated with 150mL, 0.8 N NaOH under 60°C for 2h at
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100rpm. After reaction, the slurry was filtered through a Whatman filter paper. The dissolved
lignin is precipitated...

Results and discussion

The extracted lignin yield accounted for 11.83+1.8% of the biomass composition and 78.76% of the
total lignin in biomass. Proximate analysis showed moisture (8.38+1.56%), ash (1.98+1.81%), fixed
carbon (11.75£2.51%) and volatile matter (77.89+2.32%). Ultimate analysis based on weight %
showed C (37.27%), H (5.15%) N (1.61%), S(1.34%) and O(54.61%). The biomass consisted of cellulose
(43.0212.36%), hemicellulose (23.65+6.22%), lignin (15.07£1.37%) and extractives (6.23+2.6%)....

Summary and conclusions

In this work, thermal characteristics of lignin extracted from banana agro-waste by alkaline pre-
treatment, followed by acid precipitation were studied. The extracted lignin yield accounted for
11.83+1.8% of the biomass composition. The lignin purity was studied by UV spectroscopy. Spectral
analysis, FTIR and NMR showed characteristics of herbaceous lignin monomers majorly G and S
units. Morphological analysis by SEM showed high surface area, hollow spherical structures for the
extracted...

Acknowledgement

The authors are thankful to Dr. B. Sreedhar, Senior Principal Scientist, CSIR - Indian Institute of
Chemical Technology, for TGA-MS analysis and Sophisticated Analytical Instrument Facility (SAIF),
CSIR-Central Electrochemical Research Institute, Karaikudi for CHNS and NMR analysis....

Special issue articles  Recommended articles

References (43)

]J. Ben-Iwo et al.

Biomass resources and biofuels potential for the production of transportation fuels in
Nigeria

Renew Sustain Energy Rev (2016)

S.Yeetal

The effects of activated biochar addition on remediation efficiency of co- composting

with contaminated wetland soil
Resour Conserv Recycl (2019)

S.Yeetal.


https://www.sciencedirect.com/science/article/pii/S1364032116301605
https://www.sciencedirect.com/science/article/pii/S0921344918303690

Facile assembled biochar-based nanocomposite with improved graphitization for e ffi

cient photocatalytic activity driven by visible light
Appl Catal B Environ (2019)

JY. Zhu et al.

Woody biomass pretreatment for cellulosic ethanol production: technology and energy
consumption evaluation q

Bioresour Technol (2010)

G.Jiang et al.
A systematic study of the kinetics of lignin pyrolysis
Thermochim Acta (2010)

A.K. Sadhukhan et al.
Modelling of pyrolysis of large wood particles
Bioresour Technol (2009)

C.Chenetal.
Characterization of lignin by IH and 13C NMR spectroscopy
(1988)

W. Chen et al.
Effect of alkaline preswelling on the structure of lignins from Eucalyptus
Nat Publ Gr (2017)

Z.Maetal.

Study on the thermal degradation behaviors and kinetics of alkali lignin for production
of phenolic-rich bio-oil using TGA - FTIR and Py - GC/MS

J Anal Appl Pyrolysis (2016)

S.Wang et al.
Removal of organic matter and ammonia nitrogen from landfill leachate by ultrasound
Ultrason Sonochem (2008)

v | View more references

Cited by (24)

Thermal oxidative degradation behavior of extracted lignins from agricultural wastes:
Kinetic and thermodynamic analysis
2024, Industrial Crops and Products

Show abstract v


https://www.sciencedirect.com/science/article/pii/S092633731930205X
https://www.sciencedirect.com/science/article/pii/S0960852409015119
https://www.sciencedirect.com/science/article/pii/S0040603109003608
https://www.sciencedirect.com/science/article/pii/S0960852409000315
https://www.sciencedirect.com/science/article/pii/0076687988610172
https://www.sciencedirect.com/science/article/pii/S0264275116309635
https://www.sciencedirect.com/science/article/pii/S0165237015303107
https://www.sciencedirect.com/science/article/pii/S1350417708000709
https://www.sciencedirect.com/science/article/pii/S0926669024010732

Effect of Fe and its oxides on steam gasification mechanism of lignin using ReaxFF

molecular dynamics simulations
2024, Journal of the Energy Institute

Show abstract v

Synthesis of lignin-based carbon/graphene oxide foam and its application as sensors for
ammonia gas detection

2024, International Journal of Biological Macromolecules

Show abstract v

An overview of biomass solid fuels: Biomass sources, processing methods, and
morphological and microstructural properties

2023, Journal of Bioresources and Bioproducts

Show abstract v

Thermal stability of extracted lignin from novel millet husk crop residue

2023, International Journal of Biological Macromolecules

Show abstract v

Current roles of lignin for the agroindustry: Applications, challenges, and opportunities

2023, International Journal of Biological Macromolecules

Show abstract wv

> | View all citing articles on Scopus 7

View full text

(© 2020 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

ELSEVIER

All content on this site: Copyright (© 2024 Elsevier B.V,, its licensors, and contributors. All rights are reserved, including those for text and data mining, Al training, and
similar technologies. For all open access content, the Creative Commons licensing terms apply.

& RELX™


https://www.sciencedirect.com/science/article/pii/S1743967124000795
https://www.sciencedirect.com/science/article/pii/S0141813024026886
https://www.sciencedirect.com/science/article/pii/S2369969823000592
https://www.sciencedirect.com/science/article/pii/S0141813023016197
https://www.sciencedirect.com/science/article/pii/S0141813023014174
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85083287331&md5=87743d196df3363ff0702e3aed938b85
https://www.sciencedirect.com/science/article/pii/S0360319920311836
https://www.elsevier.com/
https://www.relx.com/

