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ABSTRACT

With continuous progress in effective research, microcellulose is slowly emerging as a low
cost, non-toxic and superior compound which bears the potential to be exploited in
numerous industries. Microcellulose is primarily extracted from wood and woody residues,
however, with growing ecological concerns, the focus has been shifted towards searching
for more sustainable alternatives. Agricultural wastes appear to be the most suitable agents
for facilitating the process of cellulose synthesis. India alone generates more than 350
million tonnes of agricultural waste every year, which generates additional burden on
society and hampers development. Thus, the utilization of agricultural wastes for
microcellulose synthesis can emerge as a two-way approach which converts wastes to
resources and simultaneously facilitates the low cost synthesis of industrially useful
compounds. The presented study elucidates the isolation of microcellulose from
agricultural wastes i.e. rice husk and pomegranate peel and its subsequent quantification
and characterization using FTIR analysis and particle-size distribution analysis. Cellulose
could be isolated only from rice husk for which, the characterization studies confirmed the
presence of abundant cellulose in the isolated sample along with significant removal of
lignin and hemicellulose. Particle size distribution analysis revealed the size of particles to
be around 5.3 micrometers, thus affirming the reduction of cellulose particles to micro

size.
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CHAPTER 1
INTRODUCTION

As the world population is increasing at an alarming rate, an incessant depletion of natural
resources and fossil fuels is being witnessed as well. Considering the current scenario and
growing environmental concerns, the global scientific community has shifted its focus
towards the development of eco-friendly, renewable and sustainable biocomposites [1].
Cellulose is the most ancient and profouse biopolymer found on our planet and it has
attracted the interest of researchers from all across the world due to its promising properties
and potential applications. As a bioresource, it has utilizations in several industries such as
textile, pharmaceutical, chemical etc [2]. Cellulose is thus emerging as a low cost, energy

efficient, safe and non-toxic compound for multiple utilizations.

Microcellulose is obtained from cellulose by bringing down its particle size to nano-range.
This is facilitated by treating the cellulose fibers with suitable chemicals and reagents. An
additional homogenization and spray drying step can produce microcrystalline cellulose.
The particles can be further treated to yield nanofibrils or cellulose nanocrystals [3].
Physical, chemical as well as enzymatic methods are exploited for the treatment of raw
cellulose source to yield desired particles. Each step has advantages as well as limitations,

and thus need to be selected cautiously [4].

Cellulose is traditionally obtained from wood and woody residues, however, with growing
environmental awareness, a significant number of experiments have reported the successful
extraction of cellulose from agricultural wastes such as wheat straw, coconut and rice husk,
mango fibers, date palm etc. Several studies have also reported the profound exploitation of
waste extracted cellulose for the manufacturing of automobiles, sports equipment, biofuels

etc [5].

The presented study focuses on the extraction of cellulose from agricultural wastes i.e. rice
husk and pomegranate peel. The process was initiated with the pretreatment of powdered

rice husk and chopped pomegranate peel. The pretreatment was done in three steps, after
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which fine concentrate of cellulose was obtained for rice husk. Pomegranate peels,
however, got drastically degraded during the process and did not yield a significant amount

of concentrate. Hence, they were not processed any further.

Quantification of obtained cellulose was done by anthrone test and the amount of cellulose
present in it was compared with raw sample. The test displayed a considerable increase in

the cellulose content of the extracted sample.

The isolate was finally characterized using FTIR and particle size distribution analysis.
FTIR analysis confirmed the removal of a considerable percentage of lignin and
hemicellulose along with the occurence of noteworthy cellulose content in the isolate.
Particle size analysis revealed the size of cellulose particles to be around 5.3 micrometers,

which suggested that microcellulose was successfully isolated from the sample.

Detection of
functional
Eroup

Grinding Anthrone test
Concentration VS
absorbance plot
Particle size

I distribution analysis

Pre- treatment

Detection of
particle size

Neutralization

Cellulose content
comparison
Over- drying

Fig 1.1: General workflow of the presented project




CHAPTER 2:

LITERATURE REVIEW

Cellulose is the most copious natural polymer found on earth, and also regarded as the
oldest one [6]. It is biodegradable as well as renewable, and is found in a plethora of plants
such as cotton, sugarcane, rice, straws etc. Cellulose is commonly exploited in multiple
industries, and has several applications, including fiber processing, paper production etc.
However, with ongoing research, scientists have found the application of cellulose for the
processing of novel materials, wherein the most common application is the production of
Microcellulose. Microcelulose is obtained from plant fibers through various physical,
chemical and enzymatic methods. It is increasingly gaining popularity due to its superior
characteristics such as large surface area, non-toxicity and low production cost. It also has
high crystallinity, high tensile strength, low density, and high modulus. It also bears a
highly reactive surface with significant water holding capacity [7]. Moreover, the polymer
chain in it is found in optimum crystalline state, which provides strength and stiffness,
making nanocellulose the strongest cell wall component. Owing to these unique properties,
microcellulose is slowly emerging as the desirable material for the production of

packaging, electronic devices, sensors and even cosmetics [5].
2.1 Cellulose: Structural Aspects

The molecular structure of cellulose can be elucidated as a linear polysaccharide that
consists of repeating units of p-1, 4 anhydro D-glucopyranose molecules. The chemical
formula of the polymer is (CsHioOs)n . wherein the value of n (the degree of
polymerization) can vary between 10 to 15 thousand [8]. The glucopyranose structure bears
six carbon atoms linked via acetal bond between Cl carbon of one pyranose unit and C4
carbon of the other. The C4 carbon bears a free alcohol group and denotes a non reducing
end [9]. The cellulose building blocks are composed of elementary which contain segments
having highly ordered as well as randomly distributed cellulose chains that are bundled

together to form microfibrils. Crystalline cellulose is majorly water insoluble and displays
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multiple structural conformations. At nanoscale, there are four major polymorphic forms of
cellulose ie. Cellulose I, II III and IV. They are obtained from different sources and
through different extraction methods. The first two forms, however, are the most widely

studied ones.

Cellulose I 1s found in natural sources and is therefore referred to as the native cellulose. It
is thermodynamically metastable and highly crystalline. It exists as two polymorphs 1e. [ «
and If [10].

Cellulose I is predominant in algae and bacteria. It comprises a triclinic unit cell wherein
one cell bears one glucose unit. Through hydrothermal treatment in alkaline solution, it can
be converted to If. Cellulose 11 is mainly found in higher plants and consists of a
monoclinic unit cell that bears two cellulose chains in every cell, that are present in
antiparallel confirmation. Its allomorphs are comparatively more stable than that of
cellulose 1, but they rarely occur in nature. It can be generated from cellulose I through
chemical processes such as mercerization. The arrangement of cellulose chains in both the
forms is such that the f§ (1, 4) glycosidic bonds are oriented parallelly, but in the same
direction [10]. The third form i.e. Cellulose III, exists in two subforms, Cellulose III; and
cellulose III; It is usually formed from cellulose I and II via ammonia treatment. The final
polymorph, i.e. cellulose IV is obtained by the modification of cellulose IIT with glycerol
[11].

Y N

Cellulose | Cellulose Il
NaOH | regeneration
3 -B0°C
Ammoni | -80°C
Q Ammoni I
Cellulose Cellulose Cellulose . Cellulose Il
1, Glyceral v, v,

\ Parallel chains A Antiparallel chains _/

Fig 2.1: Methods for obtaining cellulose polymorphs
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2.2 Sources of Cellulose

Cellulose is the most plentiful polymer found on earth and is obtained from various natural
sources including wood residues, bacteria, tunicates and algae. Plants mainly contain a
primary cell wall, which is surrounded by three secondary cell wall layers and a central
lumen. The primary cell wall contains cellulose fibers organized in a random manner
whereas the secondary cell wall has these fibers arranged in a helically oriented and
hierarchically ordered manner. Herein, cellulose and hemicellulose molecules are arranged
in a long chain, bound by lignin. Tunicates generally contain If cellulose whereas algal
genera such as Chlorophyta, Rhodophyta, Phaeophyvceae etc. possess cellulose in la form.
Bacterial cellulose is mainly obtained from Acefobacter xylinum and has higher elasticity,

crystallinity and degree of polymerization [12].

Animals

Fig 2.2: Composition of cellulose content derived from different sources
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2.3 Microcellulose

2.3.1 Natural Fibers

The natural cellulose fibers obtained from different sources have remarkable difference
sizes and shapes. For example, fibers obtained from plants like cotton and flax are as huge
as several centimeters in size, whereas those obtained from woody sources are
comparatively shorter, and have lengths in the range of 1-3 mm. Microcellulose is obtained
from these fibers either as microcrystalline cellulose or as microcellulose powder after
adequate pretreatment and bleaching of raw fibers, which facilitates the extraction of
cellulose from cell wall along with the removal of lignin and hemicellulose. Subsequently,
the size of cellulose particles is reduced down to micro range, ie. 1 to 10 micrometers

[13].

2.3.2 Microcrystalline Cellulose (MCC)

It is obtained after the treatment of cellulose fibers with dilute mineral acids. Industrially,
MCC is produced by the hydrolysis of cellulose with hydrochloric acid followed by its
neutralization [14]. The suspension hence obtained is homogenized and spray dried to yield
MCC particles of size between 50 to 200 micrometers. An additional grinding step is
inserted to bring down the particle size below 50 micrometers. The treatment conditions at
each step may be varied to obtain MM of desired crystallinity, density or compatibility
[15]. MCC possesses several unique properties, including small particle size, high

crystallinity, low solubility and great purity.

2.3.3 Powdered Microcellulose

Powdered microcellulose is produced by dry grinding of raw cellulose source via different
techniques such as ball mills, knife mills, centrifuge etc. It has white appearance and is
tasteless and odorless. The produced powder is often screened for particle size to obtain

homogeneous particle size.
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2.3.4 Microfibrillated Cellulose (MFC)

Microfibrillated cellulose is derived from the treatment of thoroughly grinded cellulose
with appropriate chemical reagents [16]. It has high viscosity, high yield stress as well as
appreciable water holding capacity. An additional step of pressurized homogenization can
further reduce the particle size and produce nanofibrillated cellulose, having particles of

size within 1 to 100 nm.

2.4 Methods of Cellulose Pretreatment

Natural sources of cellulose, especially plants and wood residue contain a large percentage
of lignin, hemicellulose and other polysaccharides along with cellulose. Hence it is
essential to digest down the cell wall and remove the residual biomass for efficient
cellulose extraction. This is primarily facilitated by the method of “Pretreatment™ in which
the lignocellulosic biomass is digested through biochemical processes [17]. Pretreatment
procedures can be physical, chemical or biological depending on the requirements and

conditions.

2.4.1 Physical Treatment

Physical methods include mechanical procedures which rely on the use of external force
and shear stress to mediate the breakdown of cellular content. The commonly utilized
techniques are sonication, microwave treatment, pyrolysis and mechanical processes such
as grinding and milling. The mechanical methods aim at reducing the particle size to less
than (.2 mm, thereby conferring a uniform size to various particles. It is the simplest and
most convenient method of biomass processing since it does not involve the use of toxic
chemicals or harmful precursors. The process, however, is energy demanding and may be
expensive [4]. The softer portions of the biomass are simply decomposed by shredding at
high temperature (50-70 °C). It ruptures the fibers present in cellulose, thereby reducing the

time required for further treatment [18]. Microwave treatment at radiation energy of 300-
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700 W/m® reduces the stability of lignocellulose molecules by evaporating water and
destroying hydrogen bonds. Sonication is performed by exposing the biomass to
ultrasound, i.e. sound with frequency between 20-40 kHz, and results in the rupture of
fibers along with the breakdown of internal hydrogen bonds [19]. Biomass treatment under
gamma radiation is yet another method of pretreatment of biomass, which leads to the
breakage of glycosidic bonds leading to the enhancement of its specific area and a decrease
in its crystallinity. Gamma radiation is highly penetrating and is thus suitable for
application on thicker materials as well. The final method i.e. pyrolysis involves the
thermochemical decomposition of biomass. The process occurs at temperatures above 200
°C. High temperature results in intensive gasification, thereby liberating various pyrolytic

gases, including hydrogen and carbon monoxide [20].

2.4.2 Biological and Enzymatic Treatment

Enzymatic methods rely on hydrolyzing simple sugars present in the biomass. The catalytic
conversion of cellulose and hemicellulose is respectively mediated by cellulases and
hemicellulases. Endoglucanases, exoglycanases and glycosylases mediate the hydrolysis of
glycans. Two or more enzymes can also be added simultaneously to enhance the efficiency
of hydrolysis. Several white rot fungi such as Phanerochaete chrysosporium, Phlebia
radiate, Dichmitus squalens, Rigidosporus lignosus and Jungua separabilima can be used
for the purpose as well. They act by releasing enzymes like lignin peroxidase and
polyphenol oxidase along with specific chemicals, which lead to cell wall decomposition
and wood degradation [21]. Brown rot fungi such as Gloeophyllum trabeum produce [3-
ghicosidase, a thermophilic xylanase that can depolymerize amorphous cellulose by

methylating lignin and oxidizing cellulose [22].
2.4.3 Chemical Treatment
Chemical treatment methods are the most widely adopted methods for cellulose

purification. By using these methods, portions of lignin, wax, pectin and hemicellulose can

be conveniently removed.
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2.4.3.1 Acid Hydrolysis

Acid hydrolysis is considered to be the easiest and simplest method of cellulose pre-
treatment. It increases the digestibility of sugar substrates. The most widely utilized acids
are sulfuric acid and hydrochloric acid in the concentration of 5-10%. It is often performed
at temperatures above 160 °C. However, if the concentration of acid is high, hydrolysis can
occur efficiently at lower temperatures as well [23]. It damages lignin, dissolves
hemicellulose and mediates the decomposition of cellulose to simple sugars. Acid
hydrolysis proceeds via two steps, wherein the first step involves the dissolution of
hemicellulose in relatively milder conditions. In the second step, cellulose hydrolysis
occurs [23]. Nitric and phosphoric acid can also fulfill the purpose, particularly for

leguminous plants and grasses.

2.4.3.2 Alkali Treatment

Alkali treatment decomposes various lignocellulosic components by penetrating into
crystallites and destroying inter and intra molecular hydrogen bonds in cellulose molecules
. Hydroxides of sodium, potassium, calcium and ammonium are the primarily employed
reagents in the process. Alkali treatment is particularly effective at removing hemicellulose
since it causes the loss of rigidity and integrity of fibers, thereby facilitating their
rearrangement. It is also suitable for partial degradation of lignin [24]. Alkali treatment is a
low cost and highly efficient technique which can be easily carried out at room

temperature, thus making it less energy intensive [4].

2.4.3.3 Oxidation & Bleaching

Bleaching usually succeeds the alkali treatment process and mediates the complete removal
of lignin. Common agents are Sodium chlorite (NaClO2), sodium hypochlorite (NaClO),
hydrogen peroxide (H202,), and sodium sulfite (Na2S03), which oxidize lignin by

attacking aromatic ring [25]. Bleaching usually produces harmful byproducts, hence several
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researches have tried to use more environment friendly oxidizing agents such as hydrogen

peroxide, peracetic acid and EDTA [26].

2.4.3.4 Treatment with Tonic Liquids

Ionic liquids are salt composed of ions with a melting point less than 100 °C. They are
considered as “green solvents” and are popularly exploited for cellulose extraction [27].
The ions present in them solubilize the cellulose network structure by dissolving the inter

and intra hydrogen bonds present between them.

2.5 Methods of Quantification

Cellulose content in a sample can be quantified through various dry weight and

spectroscopic methods.

A commonly used method relies on the insolubility of cellulose in water and its degree of
resistance to the attack of dilute acids and bases. In this test, the sample is degraded with a
mixture of acids (mainly nitric acid and acetic acid). The solution is put in a boiling
apparatus which is placed on a condenser and allowed to boil. The solution is then filtered
and the residue is oven dried. The weight of the dried sample is measured to obtain an
estimate of cellulose content. The method, however, provides only a superficial estimate of

total content.

2.5.1 Anthrone Test for Detection of Cellulose Content

Anthrone test is a widely popular method utilized for the estimation of carbohydrates in a

sample. It is, however, particularly popular for the detection of cellulose.

The principle of the test is based upon acid mediated hydrolysis of carbohydrates. If the
sample contains carbohydrates in either free form or bound with glycoproteins, it gets

broken down into component monosaccharide due to the action of concentrated acid. It is
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followed by the dehydration of monosaccharides to yield furfural from pentoses or
hydroxyl furfural from hexoses. The furfural thus formed goes on to condense with two
molecules of naphthol present in the anthrone reagent to impart a blue green colored
complex. The intensity of coloration is quantified by measuring the absorbance of the 620

nm wavelength through a spectrophotometer.

CHO CHO
I I 9]
H— C—OH C s

| I =
HO—C—H H—C
| Conc. H,S0, | O Bluish-green

>
H—C—OH i e Anthrone complex
| I

H—C—0OH H—C—
| |
CH,OH CH,OH l '
D-Glucose Hydroxymethyl furfural
Fig. 2.3: Principle of anthrone test (Katoch, 2011)
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2.6 Methods of Characterization

Once cellulose has been isolated, it needs to be analyzed through various techniques to find
the morphological, electronic and other surface properties of the particles. Currently, a
number of physicochemical methods are employed for cellulose characterization. Some

common methods are as follows

2.6.1 Electron Microscopy

Electron microscopy involves the use of a focused beam of accelerated electrons in order to
generate a highly magnified and highly resolved image of the target. As the electrons
collide with the sample, an emission of various particles and ions is generated which gets
both reflected as well as transmitted. The rate of acceleration of these particles and the
differences in their energy is detected and incorporated into an image. Electron microscopy
is generally performed to detect the shape, size, degree of aggregation on dispersion and

morphology of the isolated particles.

2.6.2 Zeta Potential analysis

Since microcellulose particles contain charged groups on their surface, it is necessary to
evaluate surface charge density while analyzing the sample. Zeta potential puts forward an
assessment of surface potential and charge density. It is measured by determining the
mobility of a particle under an electric field via electrophoretic light scattering or laser

Doppler velocimetry. Electric mobility is then converted into zeta potential.

2.6.3 X-ray Diffraction

The X-ray diffraction process can be used for the analysis of all kinds of cellulosic
materials, including microcellulose and nanocellulose. The technique involves the
irradiation of the target sample with X-rays followed by the measurement of intensity and
scattering angle of X-rays that leave the material. XRD is basically used to determine
crystallinity of the sample along with factors that influence the transition and distribution of

highly ordered to least ordered regions.
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2.6.4 FT-IR Analysis

FT-IR stands for Fourier-transform infrared spectroscopy. The technique involves the
irradiation of the target sample with infrared light. The light absorbed, transmitted or
reflected by the sample is measured and reported as a function of wavenumber. The
obtained values are plotted as a graph which displays specific absorption bands and peaks
that correspond to a particular molecular vibrations, and can hence be used for the detection

of specific functional groups and bonds present within the sample.

2.6.5 Thermogravimetric Analysis

It is done to obtain the information regarding reaction conditions and thermal
decomposition behavior of material. It provides an idea regarding kinetics of
decomposition and thermal stability. It also provides valuable insights regarding purity of

cellulose and can be helpful in performing surface modification of cellulose particles.

2.7 Microcellulose and Cellulose Extraction from Agricultural Wastes

Numerous studies from all around the world have reported the extraction of cellulose and
microcellulose from various agricultural wastes including wheat straw, sugarcane bagasse,

date palm, corn cob etc.

Lorenzo-Santiago and Villalobos reported the isolation of microcellulose from the fibrous
endocarp of waste mangoes. The presence of multiple biopolymers with large amounts of
starch and cellulose facilitated convenient extraction. The alkaline method was employed
for pretreatment and additional bleaching was performed to carry out whitening. Following,
acid hydrolysis was performed using 52% sulfuric acid at 45 °C and the reaction was
quenched using cold water. The acid treated sample was further subjected to sonication for
disintegrating the fibers into microfibrils. The chemical characterization of isolated
cellulose revealed that after pretreatment, the lignin content decreased from an initial 10.3%
to 0.64%. Structural characterization of pre-treated samples was performed using SEM,

TEM and FTIR. The micrographs revealed that cellulose fibers of size ranging between 40-
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400 um were obtained post bleaching. FTIR analysis displayed a peak at 894 cm-1 which
corresponds to the anomeric carbon present in cellulose. A narrow absorption band was
obtained in the region between 1170 and 920 cm-1, representing vibrations of C-O, C-C
and C-OH bonds, thus confirming the presence of cellulose. The FTIR analysis of native
samples was also performed for comparison purpose and the results revealed peaks
corresponding to stretched carboxylic acid groups and alkyl, aliphatic and aromatic rings
which are actually present in hemicellulose and lignin. The analysis hence confirmed that
significant destruction of lignin and hemicellulose occurred after pre-treatment. Further, the
crystallinity of extracted cellulose and native fibers was also examined, wherein the
crystallinity of native fibers was found to be lower 75.18% which was lower than that of
extracted microcellulose (77.5%). It was reasoned that the crystallinity index in
microcellulose increases due to the elimination of amorphous regions of cellulose which
results in the release of individual crystals. The study thus proved that mango waste can be

an excellent source for the isolation of natural polymers [28].

Another study reported the isolation of cellulose from wheat straw and regarded wheat
straw as the most preferable material for cellulose isolation, given its abundance and
availability throughout the year. Two different methods of pretreatment were used in the
study: while the first one utilized acidified sodium chlorite, the second one relied on
alkaline hydrogen peroxide. The obtained microfibrils were characterized using multiple
techniques. Chemical composition of isolated fibers was analyzed and it was found that
alkaline treatment of raw material led to an increase in cellulose content from 44% to 79%
and decreased the content of hemicellulose and lignin from 36 % to 14% and from 17% to
2% respectively. On the other hand, the content of cellulose in acid treated fibers was
enhanced from 44% to 81% whereas hemicellulose content decreased from 36% to 13%
and lignin content decreased from 17% to 6% respectively. FTIR analysis of native sample
showed peaks pertaining to acetyl group of hemicellulose and aryl-alkyl ether group of
lignin. However, both of the treated samples showed peaks representing the -OH bending
of absorbed water along with an asymmetric stretching ring of cellulose. The absence of
peaks corresponding to lignin and hemicellulose confirmed the removal of these

components from the isolated fibers. XRD analysis of the treated samples was also
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performed which showed the existence of cellulose 1 polymorphs and affirmed that
treatment procedures did not affect crystal polymorphism and high crystallinity was
obtained due to effective removal of non-cellulosic content. SEM analysis of the samples
revealed that cellulose obtained from alkaline treatment was irregularly shaped and missed
some components whereas the cellulose obtained from acid treatment was in regular shape
consisting of straight fibers connected with each other. The study concluded that alkaline
treatment required higher temperature, generated irregular shaped fibers and was a more
environment-friendly method as compared to the acid treatment method. The latter,
however, required lower temperature, had better yield and generated fibers having regular

shape and fine thermal stability [29].

In their research, Sun et al. reported the isolation of cellulose from sugarcane bagasse and
characterized the isolated fibers using CP/MAS and C-NMR technique. Pretreatment of
bagasse was performed using three separate chemicals ie., acidified sodium chlorite,
alkaline peroxide and acetic acid-nitric acid mixture. Primary isolation steps during alkaline
peroxidase method involved initial dewaxing of bagasse by ultrasonic irradiation followed
by treatment with distilled water at 55 C. This was succeeded by the addition of sodium
hydroxide and peroxide, after which the filtrate was separated and the concentrate was
neutralized to obtain cellulose. The other pathway used acidic sodium chlorite as the
reagent for pretreatment. The initial delignification was performed by treating the bagasse
sample with distilled water at high temperature. This was followed by the treatment of free
sample with sodium hypochlorite and acetic acid. Alkali treatment was given using
potassium hydroxide and sodium hydroxide to extract holocellulose and the suspension was
filtered. Finally, ethanol washing of residue was done to obtain cellulosic fractions. The
last techniques involved the treatment of bagasse with 80% aqueous acetic acid and 70%
nitric acid. This was followed by filtration and ethanol washing of residue to yield
extraction products. The cellulose yield of fibers obtained using each technique was
determined and it was found that the alkaline peroxidase method yielded 44.7 to 45.9%
cellulose and the fibers contained 6-6.2% hemicellulose and around 3.4 - 3.9 % of lignin.
The acid chlorite treatment yielded around 44.2 to 44.7% cellulose that contained around 3-

7% residual hemicellulose and 1.5% lignin. The mixed acid treatment pathway yielded 43.0
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to 43.6% cellulose which had 3-4% residual hemicellulose and 0.2-0.6% associated lignin.
Gas chromatographic analysis of cellulose preparation showed that bagasse contained
glicose as the most abundant sugar, constituting around 92-98% of total sugars, followed
by traces of galactose, arabinose and mannose, affirming that bagasse is indeed an excellent
source of natural cellulose. FT-IR analysis was also performed for the native and treated
samples to deduce the presence of functional groups. The peaks corresponding to lignin
were not found in the treated sample, confirming the removal of lignin. Various peaks
obtained corresponded to OH bending, C-C and C-O skeletal vibrations and OH in-plane
bending cellulose. Another peak at 903 cm-1 corresponded to b-glycosidic linkages
between glucose units in cellulose, validating the presence of a high amount of cellulose in
the sample. C-NMR analysis showed that the treatment of bagasse with acid sodium
chlorite decreased the crystallinity of cellulose to the greatest extent whereas it was least

affected by mixed acid exposure [30].

Yu et al. utilized a two stage process for the isolation of high quality cellulose and lignin
from wheat straw. The first stage was operated at temperature of 150 °C and acid
concentrations of around 1% to facilitate the separation of hemicellulose and lignin from
cellulose whereas the subsequent stage incorporated the use of high temperature of around
180 °C and high acid concentration for the treatment of residual liquid. The IR
spectroscopic study of the solid samples revealed bands that corresponded to aliphatic
esters of hemicellulose and C=C of lignin. Certain bands addressed the presence of §-1,4-
glucosidic bonds, confirming the presence of cellulose. The content of hemicellulose and
lignin was found to be drastically reduced in samples treated with 1% H2504 whereas the
samples treated with 1.5% H2S04 showed the complete removal of both the compounds. In
the latter case, however, the content of cellulose was also slightly decreased. The first stage
treatment yielded 55% cellulose with a recovery rate of 92.8%. A recovery rate of 86.6%

was obtained for the samples after second stage treatment [31].

An interesting study describing the isolation of cellulose from date palm biomass waste was
carried out by Galiwango et al. Three different parts of the date plant, i.e. rachis, leaflet and

fibers were used in the process. The isolation process was facilitated through treatment of
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raw biomass with hydrochloric acid at 100 °C. Following filtration, the concentrate was
treated with NaOH at 100 °C. Bleaching was then performed by exposing the sample to
acetic acid, hydrogen peroxide and sulfuric acid. The obtained cellulose was then
characterized by different techniques to obtain its chemical composition and other
characteristics. A high cellulose yield (>70%) was obtained for all three raw materials,
validating the efficiency of acid-alkali treatment. The TGA curve showed that initial
decomposition of cellulose begins after the temperature crosses 200-250 C, which suggests
that the compound remains stable until this temperature is attained. FT-IR results displayed
broad absorption bands between 3400 and 3500 cm ', which are respectively attributed to
stretching vibrations of OH group and CH groups present in cellulose. Peaks corresponding
to C-O-C group of pyranose ring, CH: stretching of aromatic ring and C-O stretching of
ether link were obtained as well, affirming the presence of cellulose and nearly complete
removal of lignin. The obtained band was also compared to the IR bands of commercial
cellulose and a near similar result was obtained. Through SEM analysis, the difference in
morphologies of cellulose obtained from each raw material was detected. The micrographs
revealed that the isolated cellulose had rod-like microfibril structure with significant
diameter and thickness. Rachis and fibers yielded cellulose with well defined uniform
structure that were highly porous and had decent diameter. The leaflet, however, yielded
aggregated structures whose diameter and length couldnt be measured. X-ray diffraction
graphs of isolated cellulose showed highly crystalline structures. The study presented date

palm waste as a highly suitable source for cellulose extraction [32].

Another research exploited the fibers of areca fruit bunch for obtaining cellulose. The initial
dewaxing of raw areca fibers was done by ethyl alcohol treatment. Subsequently,
pretreatment was done by the popular acid-alkali treatment method followed by bleaching
to facilitate extensive delignification. Delignified fibers were washed repeatedly with
distilled water. Finally, the pH of the set-up was adjusted using NaOH solution. Cellulose
yield from delignified fibers was found to be close to 65%, whereas the content of o-
cellulose in the sample was close to 93% Characterization of isolated fibers through FTIR
spectral studies presented peaks attributable to to stretching vibrations of cellulose —OH

and C-H groups. Peaks corresponding to [-glycosidic linkage were also observed.
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Moreover, certain peaks corresponding to the C=0 acetyl group of hemicellulose or
carbonyl ester of lignin were obtained from raw fibers. These peaks were, however, absent
from the isolated fibers, hence demonstrating the complete removal of lignin and
hemicellulose. The XRD analysis suggests that raw areca fibers are composite of lignin and
hemicellulose. However, the peaks of isolated fibers aligned perfectly with patterns
obtained for commercial cellulose. The crystallinity index and crystallite size of isolated
fibers was found to be 71% and 9.6 nm respectively, as opposed to 44% and 31.6 nm
values of raw fibers. SEM micrographs of fibers presented their appearance as separate

fibrils with crystallite parallel chains [33].

2.8 Commercial Applications of Microcellulose

Cellulose, along with being the most abundant biopolymer, is also a highly versatile
compound that has multiple utilities in various industries, including textile, packaging,
cosmetic wood and paper etc. With ongoing research, cellulose structures such as
microcellulose, microcrystalline cellulose and nanocellulose are being developed, which
have further enhanced the applicability of cellulose and extended its usage to
pharmaceutical, adhesive and research industry as well. Ether derivatives and ester
derivatives of cellulose are also being constructed, which have further increased its utility
as a commercially significant compound. Cellulose fibers, micro and nano cellulose
particles obtained from agricultural wastes have been prudently incorporated into organised
systems that can be efficiently exploited for industrial purposes. Major industrial

applications of cellulosic fibers obtained from agricultural wastes have been described.

Manufacturing of Furniture- Cellulosic fibers isolated from fruit and vegetable wastes
have been used to create medium density fiber boards and fibers from flax plants have been
used for furniture production [34], [35].

Automobile Industry- Cellulosic fibers have been used to design panels, doors,

dashboards of vehicles. They are gaining large popularity since their incorporation into
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automobile parts decreases the overall weight of the vehicle and also minimizes fuel

consumption [36].

Manufacturing sports goods- Natural fibers have been utilized to manufacture sporting
equipment and wearables. These goods often exhibit better stiffness and vibration
absorbing capacity. Tennis rackets, golf equipments, sports bicycle have been

manufactured with the help of flax fibers [37]

Manufacturing Electronics- Scientists are increasingly identifying the potential of
nanocellulose for the production of electronic devices. It not only confers low cost and light
weight but is also renewable and biodegradable. Most prominently, the electronic systems

manufactured using cellulose are being integrated into biosensors.

Water Purification- Nanocellulose fibers have nanosize , high surface area and they are
non-toxic as well. Thus, they are considered suitable for the construction of membranes for
purification of water. Cellulose nanofibers have already been utilized for the removal of

heavy metals, oil and organic pollutants from wastewater samples [38].

Food Packaging- Cellulose nanofibers are generally hydrophilic and water insoluble, thus
they are considered appropriate agents for developing packaging materials and films. They
can even be modified with compounds having antimicrobial, moisture and odor absorbing

capacity. Hence, they can effectively prevent microbial growth and moisture transfer [39].

Medical Applications- Cellulose based materials have significant applications in the
pharmaceutical industry. Cellulose ethers including hydroxypropyl cellulose and
ethylcellulose are used as binders, integrants and controlled-release agents in tablets. MCC
is used to enhance tablet compressibility and improve drug dissolution. Cellulose based

scaffolds are also being increasingly used in tissue engineering and regeneration [40].

Energy Industry: Cellulose acts as vital feedstock for the production of biofuel and

renewable chemicals. Hydrolysis and fermentation processes are synchronized for the
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conversion of cellulose to bioethanol, which can be blended with gasoline or used as a
standalone fuel. Biofuels reduce greenhouse emission and thus offer a sustainable

alternative to petroleum fuels.

Wastewater
Treatment

Wood

adhesives

Fig. 2.4: Applications of Microcellulose
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CHAPTER 3

METHODOLOGY

3.1 Sample Preparation

For microcellulose extraction, rice husk and pomegranate peel were sourced from local

marketplaces. The Husk and peel sample was washed thoroughly and sundried for 3 to 4

weeks.

Fig. 3.1 a: Raw pomegranate peel b: Dried rice husk

After sufficient drying, the husk was grinded to form powder whereas the peel was chopped

down into small pieces.
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Fig. 3.2 a: Finely grinded rice husk b: Finely chopped pomegranate peel

3.2 Extraction Process

1. 500 ml of 10% NaOH was prepared by mixing 50 g of NaOH pellet in 200 ml
distilled water and dissolved thoroughly. Distilled water was further added to make
the final volume of 500 ml. Grinded rice husk and finely chopped pomegranate peel
samples were subjected to pulping by mixing 25 g of each sample to 250 ml NaOH

solution. The suspension was heated to 160 °C for 2 hours.

Fig. 3.3 Alkali treated rice husk sample
2. The pulped fibers were washed thoroughly and dried in open air
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Fig 3.4 Air drying of pulped fibers
3. 200 ml of 20% H:SOs was prepared by mixing 20 ml conc. H2SO4 in 180 ml
distilled water

4. The solution was heated to 120 °C on the hot plate with continuous stirring

Fig 3.5 High temperature acid treatment of pulped fibers

5. After around 30 minutes (or after brownish paste-like texture showed up), 1 L

frozen distilled water was added into the solution in order to quench the reaction.
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6. After this, the suspension was passed through whatman filter paper and the filtrate
and concentrate were separated.

7. The concentrate was transferred to falcon tubes and neutralized using 5% NaHCO3
solution. The suspension, hence formed, was centrifuged at 6000 rpm for 15
minutes.

8. The supernatant obtained after centrifugation was decanted and replaced by

deionized water. Subsequently, the tube was recentrifuged and pH was checked.

Fig 3.5: Rice husk sample after first round of centrifugation

9. The neutralization step was repeated until the final pH was obtained between 7 and
8.

10. After the required pH was attained, the supernatant was decanted and the fibers
were collected in a glass petri plate.

11. The petri plate was put in a hot air oven at around 50 °C for around two hours in
order to evaporate the water. Following this, the samples were taken out and finely

dried microcellulose was obtained.
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3.3 Quantification

The quantification of cellulose was done by performing the anthrone test.

3.3.1 Preparation of glucose standard

L.

3

For preparing a working standard solution of glucose, an initial stock solution was
prepared by mixing 0.01 g commercial glucose powder in 10 ml distilled water.

10 pl solution was taken from the stock and added to a test tube. It was diluted with
990 pl distilled water to obtain glucose concentration of 10 pg/ml.

Following, 20 pl sample was taken from the stock and mixed with 980 pl distilled

water to obtain final concentration of 20 pg/ml

4. The steps were repeated to obtain a series of concentrations, i.e. 40 g/ml, 60 g/ml,
80 g/ml upto 200 g/ml.
Table I: Glucose dilutions for standard curve plot
S.no. | Glucose concentration (pg) | Glucose volume | Distilled water Anthrone
(ul) (ul) reagent (ml)
1. 10 10 990 5
2. 20 20 980 5
3: 40 40 960 5
4. 60 60 940 5
5. 80 80 920 5
6. 100 100 900 5
7 120 120 380 5
8. 140 140 360 5
9. 160 160 340 5
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10. 180 180 320 5

11. 200 200 800 5

3.3.2 Preparation of Test Sample

The oven dried microcellulose samples were taken and weighed. They were then added to

test tubes containing 1 ml distilled water. The tubes were labeled as follows:

RH-W1: 0.01 g sample (pH 7) /1 ml H20
RH-W2: 0.05 g sample (pH 7) /1 ml H20

RH-D1: 0.01 g sample (pH 7.8) /1 ml H20
RH-D1: 0.05 g sample (pH 7.8) /1 ml H20

The original powdered rice husk sample was taken and weighed for the purpose of
comparison. The weighed samples were added to test tubes containing | ml distilled water.

The tubes were labeled as follows:

RH-01: 0.01 g husk /1 ml H20
RH-02: 0.05 g husk /1 ml H20

3.3.3 Preparation of Anthrone Reagent

Anthrone reagent was prepared by dissolving 0.2 grams of antrone (powder, lab grade) in

100 ml conc. H2S04.
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3.3.4 Anthrone Test

L

S b RW

10.
1L

In a test tube stand, the six tubes containing test samples were taken.

5 ml anthrone reagent was added to each test tube and vortexed to mix the contents
thoroughly.

The tubes were incubated in a water bath at the temperature of 90 °C.

The appearance of green color indicated the presence of cellulose

The tubes were allied to cool down to room temperature

The intensity of color in each tube was determined by measuring optical density of
each solution at 620 nm while using the anthrone reagent as blank.

A calibration curve was constructed by plotting the value of glucose concentration
at X axis and absorbance at Y axis in Microsoft excel.

The concentration of cellulose in test samples was measured from the calculation
curve.

Percentage of cellulose in each test sample was calculated from the formula:
Cellulose %age = ( conc of cellulose in test sample/ dry weight of test sample)* 100
The percentage of cellulose present in original sample and pretreated sample was

compared to confirm the efficacy of the extraction process

Image 3.6 a: Development of green colored gradient in glucose standard solution



Fig 3.6 c: Development of light green color in untreated (original) samples

3.4 Characterization

Characterization of the obtained microcellulose sample was done to assess their

morphology, particle size and the functional groups present.

3.4.1 Particle Size Distribution

Particle size distribution analysis was performed to obtain the average diameter and size

distribution of the samples. 0.05 g of dry sample was weighed and mixed with 10 ml

deionized water before analysis.
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3.4.2 FTIR Analysis

1. FTIR analysis was performed to determine the presence of various functional

groups on the extracted sample. Considering that the sample was in powdered form,

the KBr disc method was used for analysis.

2. KBr powder and sample was mixed and crushed with mortar and pestle. KBr pellets

were prepared by placing the samples in a disc die to achieve flat, even surface. The

die assembly was then placed into a hydraulic press and pressure was released

slowly.

A separate pellet containing only KBr was prepared to be used as control or blank

4. FTIR spectrometry was then performed in the range between 4000 to 400 cm™.

The peaks obtained from the analysis were compared with the standard table taken

from [41] to deduce the nature of functional groups present on the extracted sample.

Fiber component Wave number (cm_1) Functional group Compounds
Cellulose 4,000-2,995 OH Acid, methanol
2,890 H-C-H Alkyl, aliphatic
1,640 Fiber—OH Adsorbed water
1,270-1,232 Cc-0-C Aryl-alkyl ether
1,170—-1,082 c-0-C Pyranose ring
Skeletal
1,108 OH C-OH
Hemicellulose 4,000-2,995 OH Acid, methanol
2,890 H-C-H Alkyl, aliphatic
1,765—-1,715 C=0 Ketone and carbonyl
1,108 OH C—0OH
Lignin 4 (00--2 555 OH Acid, methanol
2,890 H-C-H Alkyl, aliphatic
1,730-1,700 Aromatic
1,632 c=C Benzene stretching
Ring
1,613, 1,450 C=C Aromtic skeletal mode
1430 0—CHy Methaxyl— O—CH:
1,270—1,232 C-0-C Aryl-alkyl-ether
1,215 c-0 Phenol
1108 OH C-0H
F00-500 C-H Aromatic hydrogen

Fig 3.7: Reference table for FTIR analysis
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CHAPTER 4

RESULTS AND DISCUSSION

Microcellulose was successfully extracted from the rice husk sample. The pomegranate

peel, however, underwent severe degradation due to highly acidic conditions and could not

be retrieved after filtration. Fig 4.1 shows the physical appearance of the sample

Fig 4.1 a: Appearance of sample after final centrifugation

Fig 4.1 b: Appearance of oven-dried microcelllulose
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4.1 Quantification of Cellulose

Quantification of cellulose was done by anthrone test. The optical density obtained for

glucose standard, isolated cellulose and original rice husk sample are enlisted in Table

Table II: Spectrophotometric readings of glucose standard

5. no. | Glucose concentration (pg) | Optical Density
1 10 0.093
2 20 0.205
3 40 0.244
4 60 0.264
5 80 0.408
6 100 0.522
7 120 0.622
8 140 0.766
9 160 0.863
10 180 0.992
11 200 1.260
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Table III: Optical density for rice husk samples

S. no. | Sample | Dry Weight (g) | Optical Density
1 RH-W1 | 0.01 0.901

2 RH-W2 | 0.05 1.37

3 RH-DI1 | 0.01 0.429

5 RH-D2 | 0.05 1.718

5 RH-0O1 | 0.01 0.084

6 RH-02 | 0.05 1.044

The concentration VS absorbance graph was plotted in MS excel

14

0.2

Glucose standard curve-Conc. VS Absorbance plot

50

v

0.0056x + 0.0004

R* = 0.9691
8
L ]
®
100 conc (ug)

150

Fig. 4.2 Glucose standard curve
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Trendline equation obtained from the graph: Y=mX + C

Y= 0.0056x + 0.0004
R? = 0.9691

From equation , the value of X was calculated using:

X=(Y-C)/X

From equation , the concentration of cellulose present in pretreated and original samples

was obtained

Table IV: Concentration of cellulose and percentage cellulose in unknown samples

S. Sample | Dry Weight Cellulose concentration Percentage (% ) of
no. (g) (ng) cellulose

1 RH-W1 0.001 60.3407 6.03

2 RH-W2 0.005 343.8395 6.87

3 RH-D1 0.001 76.307 7.63

3 RH-D2 0.005 305.796 6.11

5 RH-O1 0.001 14.885 1.48

6 RH-O2 0.005 161.765 3.23

The comparison of cellulose concentration in untreated rice husks and pretreated samples
revealed that after pretreatment, the concentration of cellulose increased from an initial 1.5-
3% to around 6 to 7.5%. This is indeed a significant elevation, which indicates the efficacy
of the pretreatment process, thereby confirming that cellulose extraction has been

successful.
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4.2 Characterization

FTIR analysis of isolated cellulose fibers was performed to detect the nature of functional

groups. Fig. 4.3 shows the results of FT-IR analysis.
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Fig 4.3 FTIR spectroscopy results of husk residues

As observed in the figure, the sample shows the main absorbance region. The first one at
low range of 450 to 800, second one at a higher range between 1100 to1650. Another high
range is observed between 2800 and 3200 wave number/cm. Peaks obtained at 2946 cm™
and 3215 cm™ correspond to stretching vibrations of hydroxyl groups found in cellulose.
Peak obtained at 2881 cm™ represents the H-C-H group found in cellulose as well as
hemicellulose. Another peak formed at 1648 cm™ represents fibrous -OH of cellulose. Peak
obtained at 1090 cm™ represents C-O-C group of cellulose. Another peak obtained at 1242
cm” may represent the O-CH3 group found in lignin. It was thus deduced that peaks
corresponding to lignin and hemicellulose were lesser as compared to those of cellulose.
Therefore, it can be concluded that pulping and pretreatment process succeeded in the

removal of lignin and hemicellulose and profound isolation of cellulose occurred.

Particle size distribution analysis of cellulose particles was performed to determine the size

of isolated fibers. Fig. 4.4 shows the results for the same.
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Z-Average (d.nm): 5358 Peak 1: 4989 100.0 534.3
Pdi: 0.147 Peak 2:  0.000 0.0 0.000
Intercept: 0.970 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

)
(=]

T B R L T S !

=]
(=]

Intensity {Percent)
P ha () Y oh
(=] (=] (=] = L= ]

10 100 1000 10000
Size (d.nm)

=
==

Fig 4.4 Particle size distribution analysis of isolated cellulose

As seen in the figure, a low peak is observed around 4900 nm and another sharp, narrow
peak is observed beyond. The average diameter of cellulose particles was found to be
around 5358 nm, which is close to 5.3 pm. The test confirms that the isolation process has
managed to successfully reduce the size of cellulose particles and brought it down to

micrometer range.
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CHAPTER 5

CONCLUSION

For rice husk, the isolation technique utilized was found to be successful. It triumphantly
removed a considerable portion of lignin and hemicellulose from the sample, thereby
facilitating the extraction of microcellulose. However, desired results could not be obtained
for the pomegranate peel sample, which were found to be extremely sensitive to acidic
hydrolysis. The quantification and characterization studies confirmed the removal of
lignocellulosic content and showed the presence of high amount of cellulose in the
pretreated sample. The study concluded that rice husk is indeed a highly suitable sample for
microcellulose extraction and can definitely provide novel insights in the field of material

development, packaging, pharmaceutics etc.
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