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Abstract.

This study was carried out to investigate the potential use of cassava peel as a source of cellulose
and nanocrystalline cellulose. Isolation of cellulose from cassava peel was prepared by using two
pretreatments methods; alkaline treatment and bleaching with acidified sodium chlorite. Acid hydrolysis
was performed at 45°C for 45 mins using 64% concentration sulphuric acid. The extracted cellulose
nanocrystal (CNC) of the cassava peel was characterised using, scanning electron microscope (SEM), x-
ray diffraction (XRD), transmission electron microscopy (TEM), fourier transformed infrared spectroscopy
(FTIR), thermogravimetric analysis (TGA) and zeta potential analysis. Physicochemical properties of the
samples were studied. From the SEM images, features of the cellulose nanocrystal in the cassava peel,
showed that there was a reduction in the fibrillar structure size and intermittent breakdown in
fibrillar structure into individualize fibrils; the TEM images showed that the cassava peel sample is
spherical in shape, conglutinated and fixed with each other. The FTIR spectra of the CNC was
identified as cellulose structures that showed effective removal of amorphous materials. XRD showed that
the crystallinity index increased progressively from the raw to the CNC with CNC crystallinity index
of 99.86 % and a particle size of 5.56 nm. The TGA curve revealed a good thermal stability for CNC. The
Zeta Potential revealed a negative surface charge of -20.7+£8.12 mV and a polydispersity index of 0.633.
The results showed effective extraction of CNC from cassava peel (a waste material from agricultural
process). This material has potential for various industrial applications such as in medicine, adsorption of
toxic metals, bio-nanocomposites, food packaging etc.
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1.0 Introduction
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There is a growing concern towards the useful utilization of agro-industrial waste, such as, cassava
bagasse and peel, sugarcane bagasse and peel as raw materials for various industrial applications
(Widiarto et al., 2017; Wulandari et al., 2016).Cassava is the fifth most abundant starch crop
produce in the world and one of the most important food sources. The peels of cassava is rarely
used and it is a cellulosic material (Widiarto et al., 2017).

The increasing development of nanotechnology, and fast depletion of petroleum resources have
prompted the quest for a new environmentally friendly materials gotten from natural resources,
comprising of cellulose (Pelissari et al., 2013; Julie et al.,2016). Cellulose, is one of the most early
and abundant natural polymer on earth which draws more attraction in a new form called
nanocellulose (Julie et al., 2016). The production of nanocellulose fibrs has gained increasing
attention due to their high strength, stiffness, availability, biocompatibility, large surface to volume
ratio, high tensile strength, flexibility as well as excellent diverse mechanical, electrical,
sustainability and thermal properties (Rumpoko et al., 2013; Pelissari et al., 2013). Cellulose
constitutes of -1, 4-linked anhydro-D-glucose units and have hydroxyl (-OH) groups that makes
it to build bonds of hydrogen which are strong and they are hydrophilic polymers. The origin of
cellulose are; banana rachis, sugarcane bagasse, soy hulls, corncob, cassava bagasse, wood, hemp,
mengkuang leaves (Pandanus tectorius), rice husk, kapok fruit, jute, sweet potatoes residue, capim
dourado etc. (Anuj et al., 2014; Moran et al.,2008). In overall, plant cell walls consist mainly of
three organic compounds, which include cellulose, hemicellulose, and lignin. Natural
lignocellulosic materials are the primary components of these organic compounds (Chen, 2014;
Yang, 2008). Due to the size and morphology, nanocellulose fibre is congregated as cellulose
nanocrystals (CNC), cellulose nanowhiskers, cellulose nanofibers and bacterial cellulose or
microbial cellulose (Julie et al., 201; Dufresne, 2012). These cellulose nanofibers have gained
much attention from researchers, due to their applications in various areas: in the biomedical field,
as reinforcement agents in nanocomposites, food packaging, as fuel cell membranes etc (Pelissari
et al., 2013). Cellulose nanonfibres are discovered as green reinforcement alternatives to synthetic
fibers for varied applications. Natural cellulosic fibers have several merits over conventional
materials such as extensive toughness, flexibility, recyclability, and eco-friendliness (Leite et al.,
2016).

The method used to extract and isolate cellulose, especially as nanofibres, must be modified for
each parent material. The isolation procedure involves structural breakdowns through
pretreatments, usually alkaline hydrolysis, followed by acid hydrolysis, to afford isolated
nanofibres with high crystallinity and to reduce the amount of amorphous material (Leite et al.,
2106; Abdul et al., 2012).Both hemicellulose and lignin are amorphous polymers. Amorphous
region and isolation of nanocelulose crystals from natural fibers are removed by a well-known
strong acid hydrolysis process. Under monitored conditions, acid hydrolysis allows removal of the
amorphous regions of cellulose fibres while the crystalline regions are intact in the form of
crystalline nanocrystals. Moreover, removal of the amorphous region impacts the structure,
thermal stability, crystallinity as well as surface morphology of the fibres (llyas et al., 2018, Ilyas
et al., 2017).However, different methods have been used to achieve highly purified nanocrystals
from cellulosic materials. These methods include chemical method, which was majorly performed
by acid hydrolysis, mechanical treatments, grinding and ultrasonication (Hongjia et al., 2103;
Elazzouzi-hafraoui et al., 2008, Li et al., 2009; Abe and Yano, 2010; Wang and Cheng, 2009). All
of the above methods can be used to prepare different types of nanocrystal materials, depending
on the cellulose parent material and it’s pretreatment. Sulphuric acid hydrolysis is a common



method which is used to prepare cellulose nanofibers, due to its ability to disintegrate amorphous
domains, it also presents negative charges to the surface nanoparticles (Hongjia et al., 2013; Beck-
Candanedo et al., 2005), and produce stable nanocrystal suspensions. The Ultrasonic technique
has been used to isolate cellulose nanocrystals in current years. The ultrasonic method also
gradually disintegrates the micron-sized cellulose fibers into nanocrystals.

The goal of this present work was to extract cellulose nanocrystals from cassava peel using sodium
hydroxide treatment, sodium chlorite as bleaching agent for the removal of lignin and under
different conditions of sulphuric acid hydrolysis for the complete removal of amorphous region
while the crystalline region is intact and characterize it in order to achieve a material with a high
crystallinity index, high thermal stability and morphology suitable for various applications such as
a reinforcement agent in the production of nanocomposites, adsorbent for water treatment, food
packaging etc The choice of cassava peel to produce cellulose nanocrystal is because of its
availability as an agro industrial waste which is in large quantity in Ogun state, Nigeria.

In this study, several techniques were employed to characterize the raw cassava peel, the treated
cassava peel (cellulose) and the cellulose nanocrystals from cassava peel. It was characterize by
fourier transform infrared spectroscopy (FTIR), x-ray diffraction (XRD), thermogravimetric
analysis (TGA), zeta potential. The morphological features of the cellulose and nanostructures
were evaluated by scanning and transmission electron microscopy (SEM and TEM) and various
physicochemical parameters were carried out on the cassava peel, to investigate the potential use
of cellulose nanocrystals isolated from the cassava peel as a prospect for various industrial
applications.

2.0 Experimental
2.1 Materials and Methods

Cassava peel used in this study was collected from different cassava processing factory at Ilaro
area in Ogun State, Nigeria. Sodium hydroxide pellets (98%), Sulfuric acid (95-99%), Toluene
(99%) and Sodium chlorite (23-26%) were purchased from Merck chemicals South Africa.
Cellulose dialysis membranes of 12-14 kDa molecular weight cut off (Sigma-Aldrich, South
Africa) were purchased from Sigma Aldrich. Ethanol (99%) and Acetic acid (99.8%) were
purchased from Kimix Chemicals, South Africa. Reagents and chemicals were used as a laboratory
grade without purification. All water used was ultra-pure water (Millipore Milli-Q UF Plus).

2.2. Isolation of Cellulose Fibre from Cassava Peel

Chemically purified cellulose (CPC) from cassava peels were isolated according to the previously
reported methods with minor modifications
by Lu and Hseih, 2012 ,Rahimi et al.,2016, Shaheen and Emam, 2018, Anuj et al., 2014, Abe et
al., 2007; Abe and Yano, 2009. The peels of cassava were prepared by washing with warm water,
followed by sun drying. The clean dried sample was milled and allowed to pass through a 30 mesh
screen. The cassava peel (30 g) was extracted with 2:1 v/v toluene and ethanol mixture for 6 h to
remove wax, oil and pigments and then allowed to dry in an oven at 60°C for 16 h. The dewaxed
fibres were successively treated with 300 ml water at 55 °C, to remove water-soluble components
with the residue being filtered and washed until neutral pH.The samples were then dried in an oven
at 60 °C for 16h.The dewaxed samples were soaked in 50 g/L of 5% sodium hydroxide solution at



25 °C for 24 h and at 90 °C for 2 h to remove hemicellulose and silica. This was washed with
copious amount of distilled water until the filtrate became neutral, followed by drying at 50 °C for
16 h.The residual alkaline treated samples were then delignified using 2.5 % w/v of acidified
sodium chlorite with pH adjusted to 4 with acetic acid using material to liquor ratio 1:20 for 4 h at
100 °C. The delignified cellulose was finally washed with water to remove the excess/unreacted
chemicals and dried in the oven at 50 °C for 16 h. Finally, the product (chemically purified
cellulose CPC) was stored in air tight container.

2.3 Synthesis of Cellulose Nanocrystals

Chemically purified cellulose(a-cellulose) produced from peels of cassava was synthesized to
cellulose nanocrystals by acid-hydrolysis, according to the method adopted by(llyas et al.,2018,
Naduparambath et al., 2018; Rahimi et al., 2016; Anuj et al.,2013 and Lu and Hseih, 2012) with
little modifications. The cellulose isolated from cassava peel was hydrolysed with 64 wt%
sulphuric acid at a 10 mL/g acid-to-cellulose ratio at a temperature of 45 °C for 45 minutes with
vigorous mechanical stirring. Reaction of hydrolysis was stopped by diluting with 10-fold ice
water. The resultant cellulose nanocrystal gel was centrifuged at 45000 rpm for 30 minutes to
concentrate the cellulose nanocrystals and to remove excess aqueous acid, the filtrate was then
decanted. The resultant precipitate was dialyzed with cellulose dialysis membranes of 12—-14 kDa
molecular weight cut off (Sigma-Aldrich, South Africa) against ultra-pure water (Millipore Milli-
Q UF Plus) until reaching neutral pH (pH 6-7). The suspension was sonicated at an amplitude of
40% in an ice bath to disrupt solid aggregates and avoid overheating. The resultant CNC
suspension was freeze-dried (-47 °C, 0.2mbar).The dried sample was stored in an air tight
container for characterization.

2.4 Characterisation

2.4.1 Chemical Composition

The chemical compositions of cassava peel was determined according to the method by Ayeni et
al., 2015.The raw fibre, alkali-treated fibre and the bleached fibre were measured at different stages
of treatment. The percentage extractives (wax), percentage hollocellulose, percentage lignin and
percentage cellulose were determined.

2.4.2 Yield of CNC

The percentage yield of the cassava peel was calculated as percentage of initial weight of cassava
peel cellulose (CPC) after treatment with sulphuric acid. The weight of the freeze-dried sample
after acid hydrolysis was compared with the initial weight of RSP. Weight of samples final of
CPCNCs, Mf and initial of CSP, Mi were determined in order to calculate the yield (llyas et al.,
2018, Bondeson et al., 2006a). Yield was calculated by using Equ. (1).
Yield=Mf/Mi*100........................ Equ. 1

2.4.3 FTIR was used to determine the functional groups of a molecule. The technique evaluates

the physical differences on samples due to treatments by chemicals. In this study, the attenuated



total reflectance (ATR) accessory was accessed, because only the surface studies of the materials
were only needed. For the analysis, each sample of the sugarcane peel (Raw, CPC and CNC) was
placed on the diamond crystal and the ATR holder was screwed onto the sample to have a direct
contact with the crystal. The PerkinElmer spectrum 400 FTIR spectrometer was set to scan 60
times at a resolution of 2.0cm™ over the wavelength range of 4000cm-1 to 650cm™ against the
transmittance. After each scan, the baseline was corrected using the background spectrum

previously obtained from the blank

2.4.4 High resolution scanning electron microscopy (HRSEM)

HRSEM was used to observe the surface morphology of materials at a very minimal scale such as
nanometer and micrometer. The samples were prepared by coating with carbon to make SEM
analysis conductive, Emitech K950X carbon evaporator was used for the coating process.

The instrument produces a beam of electrons that hits the specimen ensuing in the emission of X-
rays. The electron recorder takes up the rebounding electrons. The information from the electron
recorder is converted onto a screen as three dimensional images. Apart from images HRSEM can
also use energy dispersive X-ray spectroscopy (EDX) to determine the elemental composition and
elemental mapping. In this study AURIGA Field Emission High Resolution Scanning Electron
Microscope was used to analyse the surface morphology of the untreated, treated and the
nanocrystal. The sample images from HRSEM were taken at different magnification.

2.4.5 Transmission Electron Microscopy (HR-TEM)

TEM is an instrument used to define the detailed morphology and nanocrystalline sizes of the
CNCs. In the operation of TEM, the electron beams penetrate and interact with atoms of the
materials, herby leading to scattering of electrons. In this study TEM was used to study the internal
structure and particle size of the CNC.The sample was prepared by drop-coating one drop of
specimen solution onto a carbon coated copper grid. This was then dried under a xenon lamp for
10minutes, thereafter the sample coated grids were analysed under microscope. Transmission
electron micrograph were collected using FEI Tecnai G2 F20 field emission gun (FEG) TEM,
operated in bright field mode at an accelerating voltage of 200kV.

2.4.6 X-ray Diffraction (XRD)

X-ray diffraction (XRD) is a technique used to identify the crystallinity nature of a material, which
could be minerals, organic or inorganic. However, in this study the analysis was carried out to
check the cystallinity nature of the raw, CPC and CNC samples. Also, it’s used the check the
particle sizes of the untreated and treated samples-ray diffraction is based on the principle of
bombarding material with accelerated electrons which invariably leads to the dislodgement of
inner shell electron of the material, hence generating X-rays in relation to the rotating angle of the



sample and the detector. For this research X-ray was carried out using Philips X-pert MPD X-ray
diffractometer with Cu-K radiation operated at 40 kV and 40 Ma.The sample was scanned over a
range of 5 ° to 70 ° 20 with the count step size set at 0.5 seconds per step/0.05 step size. The
crystallinity index (CI) was calculated from the maximum intensity of the principle peak of 200
(loo2, 26=22.71°) and the intensity of diffraction of 110 peaks (lam, 26=15.02°) using the Segal
method ((Azubuike et al., 2012; Seagal et al., 1959).

loo2 represents both crystalline and amorphous material, whereas lam represents the amorphous
material.

Cl (%) = (1' lam x 100)
|002

2.4.7 Thermogravimetric Analysis (TGA)

Thermal gravimetric analysis or thermogravimetric analysis (TGA) is a technique used to
determine changes in the physical and chemical properties of a materials by measuring the weight
loss as a function of increasing temperature (with constant heating rate), or as a function of time
(with constant temperature and/or constant mass loss).The loss in weight can be as a result of
changes in the mass of a sample due to decomposition, oxidation or loss in moisture content. In
overall, a mass less than 5.0g of sample was required and the result was plotted on the screen as
the sample loss weight with an increase in temperature. Thermal stability of the raw, CPC and
CNC were performed using PerkinElmer thermogravimetric analyser TGA 4000.About 3.0 mg Of
each sample was weighed using a crucible sample holder and then placed in the machine. The
TGA analysis was conducted under nitrogen atmosphere and the heating rate of the sample was
set at room temperature, 25 °C/min up to 700 °C and then held for 1 minute at 700 °C.

2.4.8 Zeta Potential Measurement

Zeta potential is a technique used to measure or examine dispersion stability of colloidals,
indicating the degree of electric charge at the surface of the nanospheres. Zeta potential values
were evaluated by determining the electrophoretic mobility using the Zetasizer Nano Series
(Malvern Instruments, Malvern, UK).In this study, the measurement were performed in samples
previously diluted in 0.005M NaCl. The samples were injected into DTS1060C/ DTS1070 zeta
cell (Malvern) sample cells through a 0.45 um PVDF filter to remove raw, CPC and CNC
aggregates and larger impurities at a temperature of 25 °C for 180 s and were measured using
PALS technology. The measurement was repeated three times for each sample and the average
Zeta value was recorded alongside with the polydispersity index value.

2.5 Physicochemical Properties of Cellulose Nanocrystal.
2.5.1 Moisture Content

The samples (CP, CPCPC and CPCNC) of 0.5 g each was measured into a crucible. This was put
in a drying oven and heat applied for 5 h at constant temperature of 105 °C until a steady mass was
achieved. The change between the mass constituents was calculated as shown in Equation 2:

% moisture content = —2—= X 100......................... Equ. 2

Where, m; = mass of the crucible with lid

m, = mass of crucible with lid and sample before drying



my = mass of the crucible with lid and sample after drying
2.5.2 pH Determination of the Nanocrystal

pH of the sample was ascertained by measuring 1 g of each of the samples, which was heated in
the beaker with a 100 cm? capacity of distilled water for 5 minutes; the solution was watered down
to 200 cm?® with distilled water and allowed to cool at a temperature of about 25 °C. The pH of
each sample was ascertained using a Mettle Toledo, SCS 220K pH meter and the result was
reported.

2.5.3 Determination of Loss of Mass on Ignition

This was carried out by weighing 0.05 g of the samples and put in furnace at constant temperature
of 600 °C for 3 h. After heating, the sample was charred and removed from the furnace then placed
in a desiccator to cool. The remaining product is then weighed, and the difference in mass denotes

the mass of organic material present in the sample.

2.5.4 Swelling Capacity (SWC)

The swelling capacity was determined according to Hongjia et al. (2013); Adewuyi and Vargas
2017. 0.1 g (M) of samples was measured accurately and put into a calibrated tube and its first bed
volume was recorded as V1, and mixed with 1 mL of distilled water and shaken well. The tubes
having water and sample were then placed in water bath at 25 °C for 24 h, and the final bed volume
of the sample was recorded as V2. The swelling capacity was calculated using Equ. 3

SWC (ml/g)=V2-V1/M.............. Equ. 3

2.5.5 Water holding capacity (WHC)

The water holding capacity was measured using the method of Hongjia et al. (2013); Adewuyi and
Vargas (2017), Zhang et al., (2005).A cleaned centrifuge tube (M) was weighed and measured. 0.1
g (M1) of sample was placed in 7 mL of distilled water and transferred into the centrifuge tube
placed in a water bath at 37 °C. The tube was held for 30 min, followed by centrifugation for 15
min at 4000 rpm. The supernatant was decanted and the caliberated centrifuge tube with the wet
sample (M2) was weighed again. The water holding capacity was calculated using Equ. 4

WHC (g/g) = M2— (M+M1)/ Ml............ Equ. 4

2.5.6 Oil holding capacity (OHC)



The oil holding capacity was measured by a method by Hongjia et al. (2013); Adewuyi and Vargas
(2017), Abdul-Hamid and Luan (2000). 0.2 g (M) of sample was mixed with 1 mL olive oil (V1)
in a 15 mL caliberated centrifuge tube. The solution in the centrifuge tube was stirred for 30 s in
every 5 min, and 30 min after this the solution in the centrifuge tube was centrifuged at 3800 rpm
for 25 min. The oil (V2) in the centrifuge tube was decanted and the absorbed oil was determined
by the difference between V1 and V2. The oil holding capacity was calculated using Equ. 5
OHC (ml/g) =V2-V1/M................. Eqn 5

3.0 Results and Discussion
3.1 Chemical Composition

Chemical composition of cassava peel in table 1 shows that the cassava peel consist of
7.075£0.015% cellulose,11.01+0.01% hemicellulose,65.035+£0.005% lignin and 16.85+0.02%
wax. The value of cellulose obtained in this study was low compared to 93.24% reported by
Widiato et al., 2017; .Leite et al., 2017 reported cellulose yield of 14.8+0.8% which is relatively
similar to that obtained in this study.

Table 1

Chemical composition analysis of lignocelluloses of cassava peel

Sample Cellulose (%) | Hemicellulose (%) | Lignin (%) Wax (%)
Cassava Peel 7.075+0.015 11.01+0.01 65.035£0.005 | 16.85+0.02
3.2 Yield of CNC

The percentage yield of CPCNC in this study was 6.42%, which is relatively similar to that
reported by Widerto et al., 2017 and Leite et al., 2017; 17.80 and 10.5% respectively.

3.3 FTIR Analysis

The FT-IR technigue was analysed to study the functional groups present in cassava peel (CP).
Fig. 1 shows the FTIR spectra of cassava peel; CP,CPCPC and CPCNC,the characteristic strong
band that appeared at 3333 cm ™! and 3272cm™ for CNC,CPC and CP respectively, which is
associated to the stretching vibration of O-H groups having strong inter- and intra-molecular H-
bonding. CNC, CPC and CP showed a stretching frequency at 2892 cm™, 2906cm™ and 2920cm”
! respectively was due to the symmetric C-H vibrations and 1640 cm™ and 1625¢cm™ emanated
from the absorbed water. Peaks at 1412, 1319 and 1426 cm™* of CP, CPCPC and CPCNC are due
to the bending of CH, CH2 and OH respectively, which indicates polysaccharides and 1163 and
1149cm™ of CNC,CPC and CP are due to asymmetric vibrations (C=0=C)(
Naduparambath,2018;Nascimento et al., 2016) The characteristic peaks of cellulose were obvious
at frequencies 1035 and 1007 cm™ of CNC,CPC and CP respectively corresponds to C=0=C
stretching vibration of pyranose ring (Deepa et al., 2015; Ilyas et al.,2017).The peak at 765cm™ in
the raw sample disappeared in the treated sample indicating the removal of silica.



The peaks between 1398 and 1177cm™ of the nanocellulose is indicative of sulfonates in
nanocellulose sample (Morais et al., 2013).
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Fig. 1. FTIR spectra of raw cassava peel (RSP), cellulose fibre (SPCPC), cellulose nanocrystal

(CPCNC)

3.4 SEM analysis

The SEM images are shown in Fig 2.The raw cassava peel has a diameter bigger than the CPC and
CNC,comprising of different microfibrils which is similar to that reported by Arup and Debabrata,
2011.The smooth surface of the untreated sample of the cassava peel is due to the presence of
some non-fibrous components in the fibre surface such as lignin, hemicellulose, wax, pectin, oil
etc., On subsequent treatment with alkaline and bleaching with acidified sodium chlorite, it is
evident that hemicellulose and lignin were removed as revealed by llyas et al.,2018; Arup and
Debabrata,2011.

The alkaline treatment reveals that the hemicellulose was hydrolyzed and becomes water soluble,
the fibrils were defibrillated. After chemical treatment of the raw fibre, a narrow fibril and reticular
structure of the fibre which is the chemically purified cellulose was seen, indicating that the
procedure of purifying and bleaching did not completely break the cellulose structure and remove
impurities while the cellulose nanocrystal fibre was broken completely into individualize
nanocrystal, indicating complete removal of the amorphous domain. The surface morphology of
the raw samples was different from that of the CPCS with a decrease in diameter which may have
ensued from the removal of lignin, hemicellulose and other non-cellulosic constituents (Adewuyi
and Vargas, 2016, Chen, et al., 2011). Moreso, the surface of CPCS also presented a lump like
structure, which may be due to the strong intramolecular hydrogen bonds that occur in the
molecule, also the smooth surface of the nanocrystals revealed that the addition of sulphuric acid
into cellulose units of the CPCS may have narrowed the production of the intramolecular hydrogen
bonds(Adewuyi and Vargas,2016).

Features of the cellulose nanocrystal in the cassava peel, showed that there was a reduction in the
fibrillar structure size and intermittent breakdown in fibrillar structure into individualize fibrils.
Fig.2c represents the freeze dried cellulose nanocrystal, the structure of the cellulose was
absolutely shattered and the size was considerably reduced to nanosize as pointed out by Hongija,et
al.,2013.
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Fig.2 Scanning electron micrograph of (a) untreated cassava peel; (b) chemically purified cellulose i.e.,
cellulose; and (c) cellulose nanocrystal

3.5 Elemental Analysis of the Cellulose Nanocrystals

The elemental analysis of the cassava peel sample was carried out using EDX coupled with
HRSEM. The EDX spectrum of the cellulose nanocrystal is shown in Fig.3. The results presented
in Table 2 showed the presence of 0.70 wt. % elemental sulfur impurity with the major components
of 73.89% for carbon and 25.41% for oxygen of cassava peel cellulose nanocrystal. The quantity
of sulfur present might have emanated from the sulfate group during treatment with sulphuric acid
hydrolysis.

0 2 4 b 8 10 12 14 16 18 keV

Fig. 3 Energy-dispersive spectroscopy spectrum of cellulose nanocrystal from cassava peel



Table 2
Chemical composition obtained from EDX of
Cellulose nanocrystal from cassava peel

Element Atomic %
C 73.89

0] 25.41

S 0.70
Total: 100.00

3.6 TEM analysis

The TEM image in Fig. 4 shows that the cassava peel sample is spherical in shape, conglutinated
and fixed with each other. This is an indication that the CNC is very small and specific area is
large. The sizes of nanocellulose dependent intensely on the protocol and hydrolysis conditions
(Naduparambath,et al., 2018). In overall, strong acid concentration, longer reaction time and
higher temperature might yield short CNCs (Naduparambath,et al., 2018, Martinez-Sanz,et al.,
2011). The CPCPC and CPCNC were characterized and analyzed by particle length (L), width W).
The diameters and length of the fibers after hydrolysis treatments were calculated by an image
processing analysis program, Image J, using TEM images. Fig. 4(a) and (b) revealed that,

the CNC of cassava peel have spherical shaped particles with a width range of 9.75-49.02nm and
an average width value of 25.78+9.60 nm and length range of 19.51-107.76nm,with an average
length value of 46.08+20.28nm which is similar to that reported by Hongjia, et al., 2013. Lu and
Hsieh, 2010 reported that most samples from acid hydrolysis and freeze-drying were spherical
cellulose nanocrystals. The sources of these cellulose spheres could be from self-assembled short
cellulose rods through interfacial hydrogen bonds, the isolated spherical cellulose nanocrystals
reported were in 10-100nm diameters,also spherical cellulose nanocrystals by acid hydrolysis
have been reported by Zhang et al., 2007.The ultrasonic treatment might play an important role in
forming the spherical CNC (Naduparambath,et al., 2018,Wang et al., 2007). It is possible that the
network structured cellulose nanocrystals are embedded in the abundant spherical cellulose
nanocrystals in the freeze drying process. Another reason is that the network structured cellulose
was actually formed by the over-irradiation of electron beams during TEM analysis (Lu and Hsieh,
2010). The image of the CPCPC evidently revealed a less clear morphologies than the CPCNC,
this indicates that the CPCPC has more amorphous region than the nanocrystal and the size
dimension is larger compared to the nanocellulose (Wulandari et al., 2016). The histograms of
TEM image of CNCs are shown in Fig. 4 c, d width and length respectively.



CPCNC CPCNC J
TEM:Widt TEM:Lengh
104 25.78nm 10+ 46.08nm

8 8
S B3
? 64 § 6
Q o
3 =
o o
o o
T, Loy

2 2

10 20 30 40 5( 20 40 60 80 100
C Particle width(nm) d Particle lenght(nm)

Fig. 4 TEM images of (a) cellulose nanocrystal (b) chemically purified cellulose (c) histogram of
CNC (c) width (d) length

3.7 Zeta potential analysis

Zeta Potential analysis is an important instrument for understanding the state of the nanoparticle
surface and envisaging the long term stability of the nanoparticle (Nanocomposix, 2012).
Nanocellulose crystals with a zeta potential value of less than —30 mV and greater than 30 mV
have a high degree of stability (Mohaiyiddin et al., 2016). Fig.5 (a and b) shows the zeta potential
of isolated cassava peel (CPCNC) and CPCPC respectively, this revealed the presence of negative
charge on the surface of the CNC, formed by grafting of sulphate groups due to sulphuric acid
hydrolysis which induces the formation of a negative electrostatic layer covering the nanocrystals
and promotes their dispersion in water (Khouri, 2010, Naduparambath,et al., 2018). Nanocellulose
crystals with stable suspension should have a zeta potential value of less than —30 mV and greater
than 30 mV (Mohaiyiddin et al., 2016) or higher than 25 mV (Shaheen and Emam, 2018, Morais
et al., 2013). Agglomeration of nanocellulose will arise if the zeta potential value is within the



range of —15 mV (Khouri, 2010, Naduparambath et al., 2018).Nanocellulose particles within this
range don’t have adequate charge to repulse each other, thereby forming agglomeration. The
isolated CPCNC have a zeta potential value of -20.7£8.12 mV respectively, which shows a
negative zeta potential. Negative zeta potential below -30 mV indicates their ability to be stable in
colloid ((Faradilla et al., 2016).

Zeta potential value for CPCNC shows a high zeta potential which indicates a partial
agglomeration in solution due to Vander Waal inter particle attraction, the zeta potential indicates
agglomeration of the particles. (Nanocomposix, 2012, Shaheen and Emam, 2018, Emam et al.,
2017).1f the result quality field indicates good, then there is a uniform zeta potential distribution
between runs and a high quality phase plot (Nanocomposix, 2012).The presentation of the
nanocellulose as an adsorbent and reinforcing agent is related with surface charge (zeta
potential).Since the surface charge is negative, these indicates a good surface for adsorption and
several other applications.

The zeta potential of the chemically purified cellulose of the cassava peel, showed a change from
the nanocelluose with values of -1.78+2.96 mV, leading to agglomeration of the CPCPC (Moraian
et al., 2016, Shaheen and Emam, 2018), Thus, the disperse stability of nanocellulose could be due
to the presence of sulfate group (SO42) arising from hydrolysis of cellulose with sulfuric acid.
Due to the negative charges on the surface of the CNCs, the electrostatic repulsion force between
the two electrical layers inhibits CNC from agglomeration in solution.

More so, the Poly-Dispersity Index (PDI), represents basically the molecular weight distribution
throughout the polymer. The PDI values of CPCNC and CPCPC are 0.633 and 0.842 respectively.
PDI values greater than 0.7 indicates that the sample has a broad size distribution. A high value
shows a polydisperse system and low value shows a monodisperse system. Polydisperse have a
greater tendency to aggregate than a monodisperse system. Also, if PDI is greater than 1, it
indicates that the polymer has extra chains as compare to actual molecular chain. It may be
transesterification (like cyclic oligomers) or chain transfer products.

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -20.7 Peak 1: -223 96.3 8.12
Zeta Deviation (mV): 9.14 Peak 2: 4.19 3.7 1.61
Conductivity (mSicm): 0.674 Peak 3: 0.00 0.0 0.00
Result quality :
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Mean (mV) Area (%) St Dev (mV)

Zeta Potential (mV): -1.78 Peak 1: -1.78 100.0 2.96
Zeta Deviation (mV): 2.96 Peak 2: 0.00 0.0 0.00
Conductivity (mSicm): 0.117 Peak 3: 0.00 0.0 0.00

Result quality : See result quality report
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Fig.5 Zeta potential measured from zetasizer analyzer for CPCNC and CPCPC of cassava peel

3.8 X-RAY DIFFRACTION

The crystalline structure and phase purity of cassava peel (CP, CPCPC and CPCNC) were analyzed
by X-ray diffraction analysis. XRD pattern of cassava peel, cassava derived CPCs and isolated
CNCs are shown in Fig. 6. The characteristics peaks for the raw sample absorbed at 26=17.65°,
15.02° and 34.19° which corresponds to 110 and 004 lattice planes of cellulose | respectively,
indicating the presence of lignin and hemicellulose (llyas et al., 2016, Lu and. Hsieh, 2010). Also,
the peaks at 26= 12.39° and 22.71° for CPC, which correspond to lattice planes of 110 and 200,
indicating cellulose 11 and the disappearance of the peak at 004 indicates the partial removal of
amorphous region(Thambiraj and Shankaran,2017, Klemm et al., 2005). The low intense peak at
260=12.0° of the CNC indicates the complete removal of the amorphous region. The broad peak of
the CNC indicates the removal of the amorphous region which results in increasing the degree of
crystallinity, resulting into broader surface area and higher tensile strength of the CNC. The major
intensity peak that was identified in the X-ray diffractograms which is located at 26 value of around
22.71° shows the crystallinity structure of cellulose | for all samples, whereas the low intensity
peak at a 20 value of around 12° -14° was labelled as amorphous region (Rahimi et al., 2016). The
crystallinity index of CP, CPCPC and CPCNC was calculated to be 60.70%, 91.72%, and 99.86%,
respectively which is similar to the result obtained by Mohamad et al., 2017. The cystallinity index
increased progressively from the raw to the CNC which is similar to the trend of results obtained
by Nurian et al.,2012, Rahimi et al.,2016.The progressive increase from raw to CNC implies the
removal of lignin, hemicellulose and extractive according to Buong et al., 2017, Widiarto et
al.,2016 and Zain et al., 2014. The XRD crystallite particle size for cassava peel showed a trend
from untreated to CNC to be 25.39, 24.10 and 5.56 nm respectively, and these results corresponds
to that obtained from TEM.
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Fig. 6 X-ray diffraction patterns of raw cassava peel (RCP), cellulose (CPCPC), cellulose
nanocrystal (CPCNC)

3.9 Thermogravimetric analysis (TGA)

Studying the thermal properties of natural fibres is a key factor in order to determine their heat
stability for compatibility in various applications. (llyas et al., 2016).

Fig. 7 aand b shows the TGA and DTG graph of the untreated, treated and nanocrystal of cassava
peel. The raw cassava peel, have three inflation point, at temperature of maximum degradation
which occurred at 75.26 °C due to evaporation of moisture in the raw cassava peel (CP). The next
weight loss was due to hemicellulose decomposition that occurred at 245.56 °C for the untreated
fiber, and this loss can be associated to the depolymerization of hemicellulose (Yang et al., 2007).
The CPCPC and CPCNC showed two inflation points. Hence, the disappearance of peaks due to
sample treatments indicates that the amorphous domains were removed because of the breakdown
of ether and carbon-carbon linkages (Joseph, 1999). The peak in the range of 300-400 °C, that
reaches the maximum rate of decomposition, is attributed to the glycosidic cleavage of cellulose.
The CPCPC showed a weight loss at 100.54 °C due to moisture evaporation and a maximum
degradation temperature at 349.51°C. From the TGA graph, it showed that the CNC is less
thermally stable because it degraded faster than the CPC and raw and it degraded uniformly unlike
the raw, which has different endothermic peaks.

The nanocrystal showed an initial weight loss at 70.20 °C, which was due to evaporation of water
and temperature of maximum degradation at 292.33 °C and a Temperature onset (thermal stability
of the sample) at 218.22 °C. The raw sample of cassava peel fiber showed an endothermic peak at
317.42 °C. The CPC showed peaks at 349.51 °C with Temperature onset at 248.56 °C (Leoa et al.,
2016, Lavoratti et al.,, 2016).The endothermic peak of cellulose nanocrystals was reduced
compared with the CPCPC and CP sample, this is due to the attachment of sulfate groups in the
cellulose nanocrystals’ surface during the hydrolysis with sulfuric acid (Leoa et al., 2016, El Miri
et al., 2015). This statistic is also reported in cellulose nanocrystals isolated from Curaua
(Corradini et al.,2016) with a temperature onset of 209 °C.The raw sample and the CPC was similar
with that reported by Hongjia et al.,2013) on cellulose nanocryystals obtained from sweet potato
(raw at 327 °C and treated 336 °C).
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Fig. 7 (@) TG and (b) DTG curves for raw cassava peel, cellulose and nanocrystal of cassava peel

3.10 Physicochemical Properties of Untreated, Treated and Cellulose Nanocrystals of
Cassava Peel

3.10.1 pH
pH is a measure of hydrogen ion concentration of a solution. The value reported in this study
showed that the pH of cassava peel is acidic 4.59 as compared to CPCPC and CPCNC which are
neutral, 6.61 and 6.38 respectively this is expected since they were washed and dried at neutral
pH.

3.10.2 Moisture Content

The determination of moisture content is an important characteristic as potential adsorbent, bio-
composite, food packaging and various industrial applications. It is used to evaluate the properties
and the final uses of fibre materials. High moisture content of fibres could deteriorate the stability
of cellulose materials in terms of tensile strength, formation of porosity and size (llyas et al., 2018;
Jumaidin et al., 2017a, 2017b, 2017c).In this study the moisture content of RCP, CPCPC and
CPCNC are 18.01+0.01, 8.745+0.005 and 7.295+0.005% respectively. The raw samples have
higher moisture content when compared to the treated sample and the nanocrystals of the sugarcane
peel, this could be due to the presence of hydroxyl functional groups in the parent materials than
the CPCs and CNCs, so the higher hydroxyl group content may have aided the interaction with
water molecules and as such giving it a higher hydration property (Adewuyi and Vargas, 2017).

3.10.3 Loss of Mass on Ignition

These test methods cover the determination of the mass loss from solid combustion residues upon
heating in an air to a prescribed temperature. (ASTM D7348, 2018)

Loss of mass on ignition for cassava peel decreased from raw to the nanocellulose, the values
obtained are as follows; RCP, CPCPC and CPCNC 4.91+0.00, 4.765+0.005 and 4.59+0.02%
respectively, this could be due to the presence of hydroxyl functional groups in the raw material,
the high hydroxyl content may have aided the interaction with water molecules as such having
more water property (Adewuyi and Vargas, 2017).This result also confirms the high moisture



content in the cassava peel. The values gotten, revealed a decrease from raw to nanocellulose in
this order; CP, CPCPC and CPCNC (18.01+0.01, 8.745+0.005 and 7.295+0.005.

3.10.4 Swelling Capacity

This is the amount of liquid that can be absorbed by a cellulosic fibre. The raw sample of the
cassava peel has a higher swelling capacity when compared to the treated samples. The result is as
follows; RCP, CPCPC and CPCNC, 2.5+0, 1.55+0.05 and 1.0£0.05 mL/g respectively. This tallies
with the result revealed by (Adewuyi and Vargas, 2017), it indicates the ability of the raw to hold
water molecules. This could also be due to the presence of hydroxyl functional groups in the parent
material than the CPC and CNC, so the higher hydroxyl group content may have aided the
interaction with water molecules and as such giving it a higher hydration property (Adewuyi and
Vargas, 2017).

3.10.5 Water Holding Capacity

Water holding capacity is the ability of a material to hold water alongside with its own water when
undergoing processing. (Adewuyi and Vargas, 2017). Water holding capacity of a material is
reliant on several reasons such as inherent chemical and physical structure (Grigelmo-Miguel and
Martin-Bell0oso,1999).The obtained result is as follows, RCP, CPCPC and CPCNC,; 3.528+0,
3.8675+0.0005 and 5.0225+0.0005 g/g respectively. The trend of the result is similar to Hongjia,et
al.,2013).The treated cellulose nanocrystals exposed more surface area,uronic acid group and
water binding sites to the surrounding(Hong and Zhang, 2005 and Lu et al.,2013). The higher water
holding capacity of the nanocrystals over the raw and the chemically purified cellulose suggests
the possible use of CPCNC in water treatment (adsorbents), paper and pulp, pigments and in food
applications where low moisture retention is required (Adewuyi and Vargas, 2017 and Hongjia et
al., 2013).More so, good water holding capacity is important for stability and texture, it is
necessary to consider microbial activity and safety of a material which may affect shelf life.

3.10.6 Oil holding Capacity

Oil holding capacity is associated with adsorption of organic compounds to the surface of the
substrates (Adewuyi and Vargas, 2017; Biswas et al., 2009).The oil holding capacity of the CNC
of cassava peel is higher than the raw sample. It indicates that the reduction of cellulose size and
bulk density with the introduction of sulphate group during acid hydrolysis might have increased
the porosity and superficial area of the fiber, improve and promote the physical entrapment of oil
and the magnitude of oil holding capacity (Adewuyi and Vargas, 2017, Lu et al., 2013 and Chau
etal., 2007).The trend of the result is as follows; RCP, CPCPC and CPCNC; 4.95+0.05, 6.45+0.05
and 7.05+0.05 mL/g respectively.

Thus, the SEM image result further confirms the assertion due to the compact structure of the raw
samples. The high OHC of the cellulose nanocrystal indicated that it has potential in food industry
(Luetal., 2013).

Table 3
Physicochemical properties of raw, chemically purified cellulose and cellulose nanocrystals
from cassava peel

Sample | Swelling | Water Holding | Oil Loss of Mass | Moisture pH
Capacity( | Capacity(g/g) Holding on Ignition | Content (%)
mg/g) (%)




Capacity(
mag/g)

RCP 2.510 3.528+0 4.95+0.05 | 4.91+0.00 18.01+0.01 4.59
CPCPC | 1.55+0.05 | 3.8675+0.0005 | 6.45+0.05 | 4.765+0.005 | 8.745+0.005 | 6.61
CPCNC | 1.0£0.05 | 5.0225+0.0005 | 7.05+0.05 | 4.59+0.02 7.295+0.005 | 6.38

4.0 Conclusion

The present study shows that cassava peel is an interesting source of raw material for the
production of cellulose nanocrystal, due to the result of the various characterizations obtained.
Isolation of cellulose from cassava peel was prepared by using two pretreatments methods; alkaline
treatment and bleaching with acidified sodium chlorite. Acid hydrolysis was performed at 45°C for 45 mins
using 64% concentration sulphuric acid. The Chemical composition consist of 7.075+0.015% cellulose,
11.01+0.01% hemicellulose, 65.035+0.005% lignin and 16.85+0.02% wax, the percentage yield
was 6.42%. From the SEM image features of the cellulose nanocrystal in the cassava peel, showed
that there was a reduction in the fibrillar structure size and intermittent breakdown in fibrillar
structure into individualize fibrils; the TEM image showed that the cassava peel sample is spherical
in shape, conglutinated and fixed with each other, with particle size value of 25.78+9.60 nm in
width and length value of 46.08+20.28nm. The FTIR spectra of the CNC was identified as cellulose
structures that showed effective removal of amorphous materials. XRD showed that the crystallinity index
increased progressively from the raw to the CNC with CNC crystallinity index of 99.86% and a particle
size of 5.56 nm The TGA curve revealed a good thermal stability for CNC. The Zeta Potential revealed a
negative surface charge of -20.7+£8.12 mV and a polydispersity index of 0.633. The results showed
effective extraction of CNC from cassava peel (a waste material from agricultural process). This material
has potential for various industrial applications such as in medicine, adsorption of toxic metals, bio-
nanocomposites, food packaging etc.
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This study was carried out to investigate the potential use of cassava peel as a source of
nanocrystalline cellulose. Isolation of cellulose from cassava peel was prepared by alkaline
treatment and bleaching with acidified sodium chlorite. Acid hydrolysis was performed at 45°C for 45 mins
using 64% sulphuric acid. The cellulose nanocrystal (CNC) from the cassava peel was characterised using,
scanning electron microscope (SEM), x-ray diffraction (XRD), transmission electron microscopy (TEM),
fourier transformed infrared spectroscopy (FTIR), thermogravimetric analysis (TGA) and zeta potential
analysis. Physicochemical properties of the samples were studied. The FTIR spectra of the CNC was
identified as cellulose structures that showed effective removal of amorphous materials. XRD showed a
crystalline structure with CNC crystallinity index of 99.86 %. The TGA curve revealed a good thermal
stability for CNC. The Zeta Potential revealed a negative surface charge of -20.7£8.12 mV. The results
showed effective extraction of CNC from cassava peel. This material has potential for various industrial
applications.
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