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Isolation and cbaracterization of cellulose nanocrystals from cellulose derived
from sugarcane bagasse
Van BeeQuen
Program ofReSOllIT.e Chemistry
Faculty of Resource Science and Technology
University Malaysia Sarawak

ABSTRACT
ugarcane bagasse is an agro-waste being generated in increasing amount and its disposal has resulted
in deterioration of the environment. Reuse of agro-waste into value-added products such as a
reinforcing agent in various applications in biomedical area and other industrial sector is one of the
solutions to this environmental issue. Researchers have shown keen interest in extracting cellulose from
sugarcane bagasse followed by treating cellulose using acid hydrolysis to isolate cellulose nanocrystals.
In this research, cellulose was isolated from sugarcane bagasse through pretreatment process by using
alkaline treatment with 0.5 M of sodiwn hydroxide and 2 % available chlorine of sodiwn hypochlorite.
The cellulose nanocrystals was then isolated from the chemically purified cellulose by using 64 %
sulphuric acid for acid hydrolysis. Morphology and chemical composition of cellulose and cellulose
rumocrystals were characterized with FTIR. SEM-EDX and TEM. The FfIR spectrwn showed
characteristic peaks of cellulose with absorption peaks at 3338.49 cm- I,1163.84 em-\ and 899.15 em-lin
the chemically purified cellulose, and the absence of the FfIR spectrum peaks at 1732.89 em-I, 1604.02,
15 13.36 cm- 1 and 1249.91 em-I indicated the removal of lignin, hemicelluloses and pectin. A smooth
and thin surface morphology of chemically purified cellulose was observed under SEM and 52.71 %
carbon element, 34.47 % oxygen element and 12.81 % sulphur element was observed in the EDX
spectrum. Rod-like shaped hydrolyzed cellulose nanocrystals with size lies within the range 80-489 nm
in length and 9-43 om in diameter was observed under TEM. Cellulose nanocrystals were successfully
isolated from chemically purified cellulose derived from sugarcane bagasse.

Key words: Sugarcane bagasse, Cellulose, Cellulose nanocrystals, Sulfuric acid hydrolysis

ABSTRAK
Hampas tebu merupakan sisa pertanian yang dihasillean dalam kuantiti yang banyak setiap tahun
sehingga pelupusan sisa-sisa ini telah amat mengancam persekitaran. Antara cara-cara yang dapat
numguranglcan masalah ini adalah dengan menghasilkan produk yang lebih bernilai daripada sisa-sisa
pertanian seperti agen pengukuhan dalam pelbagai aplileasi dalam sektor bioperubatan dan sektor lain.
Kebanyalcan penyefidik amat berminat dalam penyelidilean mengekstrak selulosa dari hampas tebu
diikuti dengan mengekstrak selulosa na~istal dari selulosa yang didapati dengan menggunalean
asid hidrolisis. Dalam penyefidilean ini, selulosa telah diasinglean dari hampas tebu dengan prarawatan
seperti rawatan alleali dengan menggunalean 0.5M natrium hidroksida dan 2% klorin natrium hipoklorit.
SeJulosa nano-kristal diasinglean dari selulosa yang didapati dengan menggunalean 64% asid sulforik
daJam asid hidrolisis. Morfologi dan komposisi kimia selulosa dan selulosa nano-kristal telah dileaji
dan didapati melalui FTIR, Mikroskop Imbasan Elektron (SEM) dan Mikroskop Elektron (l"EM). Band
spekJrum pada 3338.49 cm- I,J163.84 em-Idan 899.15 cm-I menunjuklcan ciri-ciri selulosa, dan band
spekJrum pada 1732.89 cm-I, 1604.02, 1513.36 em-I and 1249.91 cm- I menandalean ketiadaan lignin,
hemiselulosa dan pektin. Selulosa yang ficin dan nipis pada permulcaan dapat dilihat melalui SEM dan
52.71% karbon, 34.47% oksigendan 12.81% sulfor telah didapati melalui EDX Selulosa yang
dihidrolisis telah diperhatilean di bawah TEM dan didapati mempunyai bentuk rod dan saiz di antara
julot 80-489nm panjang dan 9-43nm garis pwat. Selulosa telah diasinglean daripada hampas tebu dan
daripoda selulosa, selulosa nano-kristaltelah diekstrak.

Q

kunci: Hampas teOO, Selulosa, Selulosa nano-kristal. Asid su/furik hidrolisis
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1.0 Introduction
Sugarcane bagasse (SCB) is one of the world largest cellulosic agro-wastes and
enonnous amount was produced each and every year especially in country where the
economy are agricultural-based such as Brazil which eventually caused environmental risk
if they were not treated and disposed properly (Betancur & Pereira Jr., 2010; Karp,
Wojciechowski, Socool, & Socool, 2013). Burning of sugarcane bagasse is one of the
disposal methods that is still being practice nowadays where about 92 % involved in heat

and energy generation in some countries, besides functioned to remove trash and kill bees,
snakes and scorpions in planting field (Karp et al., 2013; Ripoli, Molina Jr, & Ripoli,
2000). Burning of bagasse have directly causes pollution to the environment.
Besides reduce the amount of the agro-waste produced, in order to keep pace with

the current trend, continually advancement of the existing knowledge and technologies,

and improve the quality of living of mankind, researches regarding the efficiency of
utilization of agro-waste for example extracting cellulose from sugarcane bagasse to
further process it into cellulose nanocrystals that has nanoscale size with improved
mechanical, physical and chemical properties had been studied. The research and
I·

[,

development of cellulose nanocrystals can then be applied in various applications to

...

produce a better and useful products such as cellulose nanocrystals have been reported to
,

act as reinforcing agent in nanocomposite.
Cellulose has became a subject of interest especially in the fie'ld of nanotechnology
where cellulose nanocrystals (CNC) is being extracted and draws high attention of the
researchers since it possesses various outstanding features such as nanoscale size, unique
morphology, excellent mechanical properties, high aspect ratio, low density, light weight,
low energy consumption, low cost, highly available in nature and thus very resourceful and

2

inherently renewable, reduced dependence on petroleum-based materials thus more
environmental friendly, biodegradability and biocompatibility (EI-Newehy, Barghini,
Cometa, Miertus, & Chiellini, 2011; Habibi, Lucia, & Rojas, 2010; Kalia et aI., 2011;
Liewet at., 2015; Zhou & Wu, 2012).
Extensive research on the extraction of cellulose nanocrystals from cellulosic
sources had been widely reported and extraction methods include enzymatic treatments,

high pressure homogenization, chemical treatment alkaline hydrolysis followed by acid
hydrolysis, acid hydrolysis and mechanical treatment (Kumar, Negi, Choudhary, &
Bhardwaj, 2014; Lin & Dufresne, 2014; Wegner, Ireland, & Jones, 2013).
In this research, cellulose was isolated from sugarcane bagasse by various
pretreatment processes and was then extracted out the cellulose nanocrystals by using
sulphuric acid hydrolysis. For further confIrmation and analysis of the isolated cellulose
and cellulose nanocrystals obtained, their morphology and chemical compositions was
characterized with various characterization techniques such as FTIR, SEM-EDX and TEM.
1.1 Problem Statement

The human population is kept increasing year after year and thus demands of
mankind are also increasing. Industrial areas for example, the agricultural industry sector
has been growing rapidly in order :: ~rovide adequate food supplies to fulfIll the demand
of the population. However, in the same time, enormous amount of agro-wastes are
produced which cause serious environmental issues. If these agro-wastes are not treated
and disposed properly, they wilt soon pose threats to the environment and even affect other
populations in the ecosystem.

3
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11te disposal method of these massive amount of agro-waste such as sugarcane

bagasse that is currently being practiced in some countries is by burning to provide heat
and eoecgy and to remove trash and animals in the planting field. This method had caused
serious pollution to the environment due to the release of toxic gases such as carbon
monoxide and carbon dioxide that eventually lead to global warming and other
environmental issues.

Thus. in order to reduce and prevent further pollution of these agro-waste to the
environment, their conversion into value-added products such as isolation of cellulose
nanocrysta.ls from cellulose extracted from agro-wastes have been extensively studied over
the past decades.

1.2 Objective

The objectives ofthis study are:

l. Extraction of cellulose from sugarcane bagasse.

2. Isolation of cellulose nanocrystals from cellulose fibres.
3. Characterization of cellulose and cellulose nanocrystals isolated.

4

2.0 Literature Review
2.1 Sugarcane bagasse
Sugarcane bagasse is a fibrous residue left after juice extraction in industries area
and is produce in enormous amount annually in countries like Brazil and India (Habibi et

al., 2010). The sugarcane bagasse's chemical composition is showed in Table 1.
Table 1. Chemical composition of sugarcane bagasse.

Components

Composition (%)
I

Cellulose

45 to 55

Hem icellu loses

20 to 25

Lignin

18 to 24
lto4

Ash
I
I

Wax

less than 1

..

NOle. Adapted from http://www.engmeermgclvd.comlstone-masbc-asphalt.html.

Natural fibers has poor resistance to moisture and microbial attack, and they tended
to combine together during processing and has poor surface adhesion in binding with

polymer matrix, thus made them not desirable to be directly use in fabrication of valueadded products. However, these drawback of natural fibers can be overcome by chemical
modification of their surface

~Newehy

et aI., 2011). Natural fibers contained

lignocellulosic material that are made up of cellulose that builds up the semi-crystalline
regions, and the hemicelluloses and lignin that build up the amorphous regions (Kumar et
al.,2014).
Fibrous and tough cellulose that possesses water-insoluble properties can be found
abundantly in plant and some other sources. In 1838, Anselme Payen was first to discover
and isolate cellulose by treating wood with nitric acid and alkaline solution, and since then,
5

multiple physical and chemical properties have been widely studied (Habibi et aI., 2010;
Kalia et aI., 2011; Kamide, 2005).

Cellulose with molecular formula of (CJ{IOOS)n where n is within the range of
10000 to 15000, is a high molecular weight homopolymer that consist of anhydro-D
glucose units and are linked by B-1,4-glycosidic bond to form cellobiose (Habibi et aI.,
2010; Zhou, & Wu, 2012). Figure 1 shows the structure of cellulose chain where hydroxyl

group is present.

0H
HH {r-H2{H
H:H
)
H

o
H

..
Olt

H
H

/
0

CHil0t!

Fipre 1. A section of cellulose chain. Reprinted from Cellulose, by Easychem, n.d., Retrieved from
http://www.casychem.com.aulproduction-of-materialslbiomass-researchlcellulose.

Cellulose chains through hydrogen bonding, connect each other to form
microfibrils that had lower density amorphous regions where cellulose chains were
randomly distributed along the microfibrils, while crystalline regions was where the
cellulose chains were arranged closely by strong intramolecular and intermolecular
hydrogen bond (Karp et al., 2013; Zhou & Wu, 2012). The amorphous regions are claimed

to had randomly arrangement that act as a structural defects which were easier to be
~

removed with acid attack conducted under controlled conditions and left the crystalline
regions intact (Dufresne, 2012; Karp etal., 2013; Perez, Munoz-Dorado, de la Rubia, &

Martinez, 2(02).
Hemicelluloses has lower molecular weight compared to cellulose and are found in
plant cell walls that function to increase strength of the plant cell wall by binding with
cellulose and lignin (Karp et aI., 2013; Scheller & Ulvskov, 2010). It is derived from

6

derived from arabinose, galactose, glucose, mannose and xylose depending on the source
and the types of hemicelluloses include mannans, glucomannans, xyloglucans, 6-(1->3,1
>4)-glucans and xylans (Karp et aI., 2013).
Lignin can be found in plant cell waH that known to possess aromatic functional
group and is composed up of Coumaryl alcohol, Syringyl alcohol and Coniferyl alcohol
which are phenyl propane monomers that contributes to lignin's unique aromatic
fimctionality (Karp et aI., 2013). Lignin plays important roles in plants such that it provide

structural function in plant with cellulose, prevent absorption of water and transport of
water efficiently in the vascular tissue due to it is less hydrophilic than cellulose and
hemicelluloses, and are resist against the insects and fungi's attack. (Karp et aI., 2013;
Lignoworks, n.d.).
Whitish to dark yellowish sugarcane wax on the surface of sugarcane was used in
cosmetics, ftuit and vegetables coating, pharmaceutical industry, polishes, paper coating,
leather sizing. adhesives, lubricants, and textiles. It is known to be an alternative for
replacing other expensive waxes in edible coating applications (InaIikar and Lele, 2012).
1.2 Isolation of cellulose
Cellulose is isolated from sugarcane bagasse through many pretreatment methods
such as steam explosion that de~emicellul oses and! lignin at high temperature, alkali
washing that remove the lignin and acetyls group of hemicelluloses, dilute acid hydrolysis

that hydrolyze hemicelluloses, ammonia fiber expansion that hydrolyzes hemicelluloses,
removes and depolymerizes lignin, and decrystallizes cellulose, liquid hot water that
solubilize hemiceUuloses and lignin, and wet oxidation that solubilize 93% hemicelluloses

and SOOIo of lignin present (Hendriks & Zeeman, 2009; Karp et aI., 2013; Martin, Klinke,
& Thomsen, 2007; Ramos, Carpes, Silva, & Ganter, 2000).
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Besides, isolation process for cellulose biomass also involved solvent extraction or
dewaxing and bleaching to obtain a pure cellulose and these preliminary steps were crucial
and must be done carefully to ascertain the purity of the compound (Kumar et aI., 2014).
Biomass was usually first processed with different pretreatments such as dewaxing using
Soxhlet apparatus, delignification and bleaching before further treatment (Kumar et aI.,
2014).
Dewaxing process aims to remove wax contains on the biomass. During the
dewax.ing process, the extraction can be carried out using mixture of toluene and ethanol,
01' benzene and

ethanol in the ratio of2:1 (v/v) to obtain the desired compounds (Dufresne,

2012; Herrera, Mathew, & Oksman, 2013; Kumar et aI., 2014). While Kumar, Negi,
Bhardwaj and Choudhary (2013) reported dewaxing method with mixture of benzene and
methanol in ratio of2:1 (v/v) for 5 to 6 hours.
A purification treatment involved alkali treatment with sodium hydroxide or
potassimn hydroxide was conducted to solubilize most of the pectin and hemicelluloses
followed by a bleaching step using acetate buffer (solution of sodium hydroxide and

glacial acetate acid or solution of acetate acid and sodium acetate) and sodium chlorite
(NaClOa) or sodium hypochlorite (NaOCl) to breakdown phenolic compounds or

...

molecules that had chromophoric groups presented in lignin, removed the by-products of

such breakdown and to whiten the material (Choudhury, 2006; Dufresne, 2012; Kan, 2014;
Pandey, Socc()l, Nigam, & Soccol, 2000; Peng, Wang, Ohkoshi, & Zhang, 2013;
University of Karchi, 2014; Sam, 2008).
Bleaching agents are be divided into two category which is oxidative bleaching

agents and reductive bleaching agents where the oxidative bleaching agents are further
broken down into peroxide system and chlorine system (University of Karchi, 2014).
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Oxidative bleaching agents are more commonly used and the well-known oxidative
bleaching agents are hydrogen peroxide (H2<h), sodium hypochlorite (NaCIO) and sodium
chlorite (NaCl(h) (Choudhury, 2006; Kan, 2014; Sam, 2008; University of Karchi, 2014).
Bleaching of natural fibers was typically perfonned with NaCl0 2 or NaOCI process
over a more or less long period depending on source of cellulose (Choudhury, 2006; Kan,

2014) . The bleaching steps can be repeated several times, and filtration and washing with

distilled water can be perfonned between each step for a more effective discoloration of
fibers. After removal of non-cellulosic constituents which are lignin, hemicelluloses and
pectin, the bleached material was neutralized in water before proceeded to acid hydrolysis
treatment (Dufresne, 2012).
According to National Programme on Technology Enhanced Learning (NPTEL)
(n.d.), cellulosic fibers are generally bleached with NaOCI solution containing 1-3 gpl
available chlorine at room temperature in the pH range 9 to 11. They also claimed that the

best conditions for bleaching at pH 6-7 is conducting it for 1 minutes but it is very difficult
to manage such a short time. At pH 9, the cellulosic fibres only require bleaching time for
45 minutes compare to pH 11.5 at approximately 4 hours. The bleaching for all three pH
range is conducts at room temperature with concentration 2-3 gpl available chlorine
(National Programme on Technology Enhanced Learning, n.d.).
~

Although there were various isolation methods to extract CNCs or fennented
sugars from cellulosic material, but the process generally involved in two primary steps

which were purification of the materials and then acid hydrolysis treabnent (Karp et aI.,
2013; Moon, Beck, & Rudie, 2013). Their studies found that the purification of the
cellulosic material was functioned to remove lignin, pectin, hemicelluloses, proteins, fats,
waxes and other inorganic contaminants. While the acid hydrolysis treabnent was aimed to
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break down the cellulose into crystalline regions and amorphous regions of the cellulose
microfibrils where the amorphous region will be removed (Moon et ai., 2013).

Cellulose fibers

A]gdibeabnent80 °C
NaOH 2wt %

rDOIl-ourely cellulOSic

only

Alkali treatment 80°C
KOH5wt%

Bleaching treatment 80°C
NaCl02/acetate buffer (PH = 4.8)

Hydrolysis HCI (2.5-4 N ) reflux

Purification
(centrifugation, dialysis)
sonication
Cellulose nanocrystals
Ylprc 2. General procedure to obtain cellulose crystalittes. Reprinted from Nanocellulose: From Nature to
High Performance Tailored Materials (85), by A. Dufresne, 2012, Berlin, DE: Walter de Gruyter GmbH.

Kumar et aI. (2013) claimed that originally grayish sugarcane bagasse formed
white cellulose after chemical purification process and they also found that the chemcially
purified cellulose are water-insoluble and only soluble in specific organic solvents.
Other than sugarcane bagasse, Costa, Fonseca" Pereira and Druzian (2015) have
reported in their studies that impurities and waxy substances on com stover's surface was
removed through washing pretreatment. The fibers were sent to a mill for grinding and
sieved through 40-mesh sieve then added with 2% sodium hydroxide solution (1.200 mL)

under strong stirring for 4 hours at 80 OC. The pulp was obtained after the solution was

8Itered and washed with distilled water. To ensure complete removal of water-soluble
10

cc:wnponents. the washing step was repeated four times. After washing process, they

reported that the partial delignification or bleaching process was carried out to facilitate

furIher CNCs extraction by using 1.7% sodium hypochlorite (300 mL) mixed with buffer
solution (300 mL) under strong agitation for 6 hours at 80 OC followed by filtration and

drying process (Costa et aI., 2015).

Veeriah (2014) proposed an experiment tested the effect of processing parameter
including concentration, time and temperature on the yield of cellulose isolated from
sugarcane bagasse. His study reported that the optimum reaction parameter for alkaline
treatment with sodium hydroxide and bleaching with acidified sodium chlorite in the
isolation of cellulose from sugarcane bagasse was 2 wt % concentration for 2 hours at

700c for both the pretreatment processes.
2.3 Cellulose Duoerystals
Cellulose nanocrystals (CNCs) were also being known as microcrystals, whiskers,

nanoparticles, microcrystallites, or nanofibers. Lin and Dufresne (2014) stated that the

family of nanocelluJose can be classified into cellulose nanocrystals, cellulose nanofibers
and bacterial cellulose. Ranby reported in 1950s that controlled sulfuric acid-catalyzed
degradation of cellulose fibers can used to obtained colloidal suspension of cellulose

(Habibi et a1., 2000).
According to Dufresne (2012), cellulose must be directly hydrolyzed in order to

obtain cellulose nanocrystals. Ranby's work proposed that cellulose were build up from
micellar strings either free or in aggregates and could be set free by mechanical treatment
9Kh as ultrasonic waves. Micellar strings of native cellulose were said to held together

ooly by van der Waals forces and hydrogen bond. Thus the researcher believed that
lysis process on cellulose will cut the micellar strings into shorter fragments without
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affecting the width. This is because the hydronium ions penetrated the amorphous region
of the cellulose chains promoted hydrolytic cleavage of glycosidic bonds during the acid
hydrolysis process and released the crystalline regions. The morphology and crystallinity
of obtained cellulose nanocrystals are said to be similar to the original cellulose fibers
(Habibi et al., 2010).
Time, temperature, the nature of acid, agitation and the acid-to-cellulosic fibers
ratio were the crucial parameters that affect the isolation of CNCs (Habibi et al., 2010).

Herrera et al. (2013) claimed that CNCs were rod-like shape nanocrystals that can be

extracted from cellulosic materials by acid hydrolysis and these nanocrystals have attracted
great interest in applications as reinforcing agent in polymers, biomedical products and

bmier films.
CNCs were elongated rigid rod-like cellulosic crystal with distinct characteristics

such as high axial stiffitess, high tensile strength, low coefficient of thermal expansion,
sustainable, inherently renewable, enhanced mechanical properties, thennal stability up to
300 etC, high aspect ratio, high surface area to volume ratio, exist abundantly, low density,
lyotropic liquid crystalline behavior, low defects, low environmental, health and safety risk,

and shearing rheology (Kalia et al., 2011; Lin and Dufresne, 2014; Moon et al., 2013).
CNCs have been applied int

arious applications such as reinforcing agent in

polymers, and CNCs function to modify the composite properties in aspects such as
mechanical, optical, thennal and barrier that enabled them to be compatible with the
material used. Lin and Dufresne (2014) reported that the mechanical properties of
DlDocellulose depend on the crystalline and amorphous regions' properties where the
amorphous regions contributed to the plasticity and flexibility of material while elasticity

stiftiless depend on crystalline regions. Different types of nanoparticles is depend on
12

mixing between amorphous and crystalline regions (Lin & Dufresne, 2014). Stiffiless of
CNCs that had higher crystallinity are expected to be higher than those of cellulose
DIIlofibers and bacterial cellulose fibrils (Lin & Dufresne, 2014).
2.3.1 Isolation of cellulose nanocrystals
2.3.1.1 Add bydrolysis treatment
Rod-like shape cellulose nanocrystals was isolated from cellulose fibers through
acid hydrolysis where the acid breakdown the glycosidic bonds in the cellulose and
amorphous or semi-crystalline regions are removed (Herrera et aI., 2013). Hydrochloric
acids (HCI), sulfuric acid (H2S04), phosphoric acid (HJl104) and hydrobromic acids (HBr)

have been widely used for cellulose nanocrystals extraction (Borjesson & Westman, 2015;
Habibi et al., 2010). Nonetheless, sulfuric acid has been extensively investigated and

appeared to be more effective in acid hydrolysis treatment compared to other acids
(Borjesson & Westman, 2015; Dufresne, 2012; Habibi et aI., 2010).
If the cellulose nanocrystals were prepared by hydrochloric acid hydrolysis, they

tend to have limited dispersion ability and flocculated aqueous suspensions (Habibi et aI.,
2010). When sulftuic acid was used in hydrolysis, it reacted with the hydroxyl groups on

the surface of cellulose to produce charged surface sulfate esters that increase the
dispersion ability of the CNC in wal9~abibi et aI., 2010). Presence of charged sulfate
groups that produced via the acid hydrolysis compromised the thermal stability of the
DIIlOCr)'stals and the sulfuric acid treated suspensions shown no time-dependant viscosity

(Habibi et al., 2010).

In the aspect of morphology, cellulose nanocrystals that extracted from the

ceUu10se treated with hydrochloric acid followed by sulphuric acid show same size of
les as the hydrolyzed cellulose treated with only the sulphuric acid (Habibi et aI.,
13

2010). Hydrolysis involving mixture of both sulfuric acid and hydrochloric acid generates

spherical CNCs and not rod-like nanocrystals where these spherical CNCs possess higher
thermal stability due to they have fewer sulfate groups on their surfaces (Habibi et aI.,
2010).65 wt % sulfuric acid was constantly used in hydrolysis reactions to obtain CNCs

but the hydrolysis time and temperature were varied from 30 minutes to overnight and
from room temperature to 70 °C respectively (Habibi et aI., 2010). While Borjesson and
Westman (201 5) reported that sulphuric acid hydrolysis was conducted at 45 °C for 45 to
60 minutes with 64 wt % sulphuric acid.
There were two post-treatment steps after acid hydrolysis treatment that is
purification and sonication (Dufresne, 2012). According to the study done by Dufresne
(2012), the suspension resulting from acid hydrolysis treatment of cellulose was
subsequently cooled to room temperature and was sometimes filtered. It was diluted with

water, and washed with successive centrifugations where part ofthe excess acid and watersoluble ftagments can be removed during these centrifugations steps (Dufresne, 2012).
Sample was dialyzed against distilled water to remove any free acid molecules and

all ionic materials excluded the

It" counterions

that bind to the sulfate groups at the

nanocrystal's surface (Dufresne, 2012). The completeness of removal of free acid and

.,

ionic materials can be verified by determining the neutrality of the dialysis effluent
(Dufresne, 2012).
Dufresne (2012) also reported that sonication step can breakdown of aggregates
IIld disperses well the nanocrystals where it significantly heated up the suspension. These
suspensions were much diluted due to formation of gel that contained low nanoparticle
CIOIltents. The aqueous dispersion was stored in the fridge after filter out the aggregates and

cbIoroform was added a few drops to prevent bacterial growth. The solid content of the
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