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Abstract. In this work, microcrystalline cellulose (MCC) and nanocrystalline cellulose (NCC)
was synthesized from cotton linter collected from a textile mill in Bangladesh. The synthesis was
carried out through several steps; alkali treatment, NaClO, bleaching and acid hydrolysis. The
acid hydrolysis was conducted with 9N and 12N sulphuric acid (H,SO,) for synthesis of MCC
and NCC, respectively. The raw and synthesized samples were characterized by measuring bulk
density, FTIR, SEM and WAXD techniques. The bulk density of MCC and NCC is higher than
that of the raw sample, due to shorter chain length, diameter and reduction of amorphous region
of cellulose chain. The oxidation reaction took place during the MCC and NCC preparation was
detected by FTIR spectra. From the SEM images, it is seen that the surface of untreated sample
looks relatively smooth as compared to the rough surface of treated samples due to voids
formation and absence of wax on the surface. The crystallinity index of MCC and NCC was
measured from the peaks at 14.6 and 22.6° (2¢ angles) of WAXD curves. It shows the
enrichment in the proportion of crystalline cellulose in MCC. The thermal stability of the MCC
is better than that of other experimented samples. Finally, the synthesized MCC and NCC may
be emerging and promising materials with exceptional properties.

Keywords: cotton linter, acid hydrolysis, microcrystalline cellulose, nanocellulose, bulk density,
crystallinity
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1. INTRODUCTION

In recent years, much more attention has been paid to the sustainable, green and
environmental friendly materials because of the increasing public interest in environmental
issues and growing pressure from legislative institutions [1 - 2]. Due to their unique
characteristics viz. biodegradability and renewability, low cost as well as low carbon dioxide
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release cellulose materials have been categorized as sustainable, green and environmental
friendly materials. Cellulose is a linear branched polysaccharide. It is produced from B-glucose
monomers linked by 1 - 4 glycosidic bonds with degree of polymerization ranges from 10000 to
15000 [3]. Cellulose is a multifunctional raw material which can be self-assembled into well-
defined architectures at multiple scales from nano to micro-size and is expected to be able to
replace many non-renewable materials [4]. Cotton is an important source of cellulose. It is
normally used in textile industry as medium length fibers ranges between 18 and 28 mm long. In
contrast, the shorter cotton linter fiber is generally known as cotton linter cellulose (CLC)
obtained from textile and garment industry as waste material. Therefore, it can be deemed
suitable for the extraction of micro and nanocellulose. In general terms, it is proved for effective
use in many purposes, whether it is colored or not, despite some differences in yield, in
sulfonation efficiency and thermal stability [5]. More specifically, a study on the extraction of
MCC and NCC from cotton linter originating from Bangladesh did demonstrate that controlling
waste stream for extraction may result in a more uniform quality product: cotton linter is
particularly adapted, because it does not require pulping before extraction. At present, cotton
linter is considered as a valuable raw material for cellulose based industry. It has been used for
making absorbent cotton, special papers, cellulose nitrate and acetate [6]. Rahman et al. have
prepared MCC from cotton linter [7]. Now it is also used in advanced industrial purposes such
as a novel sulfonic-cellulose succinate half ester dispersant for coal-water slurry was
successfully synthesized using cotton linters [8]. In Bangladesh, there are about 5,700 textile
industries which produce a lot of cotton linter every year. Some of them are used directly as
tattered cloths and sometimes found in application in pillow or bed mattress making. In a word,
it has no any value added application in Bangladesh. Therefore, it is crying need to accumulate
such huge amount of this textile byproduct and find profitable applications. Extraction of
microcrystalline and cellulose nanocrystals from textile wastes represent an important way of
upcycling it, therefore obtaining a material with some value, hopefully with a reasonable yield
that would make the extraction worthwhile. The extraction of MCC and NCC has been
performed from this textile waste obtained from the production systems using different natural
fibers, with the idea of operating as much as possible in conditions of circular economy; the
using a zero waste strategy [9]. But even today it is still a challenge to isolate MCC and NCC at
a reasonable cost with low degradation and to disperse them evenly in polymer matrixes.
However, many methods, viz. chemical and mechanical method have been employed to generate
MCC and NCC for using in bio-nanocomposites followed by film casting as well as freeze dry
compressive molding and extrusion. Chemical processes were frequently practiced due to easy
and quick extraction, low cost and to obtain the lowest shortest fiber diameter. Cellulose
nanocrystals can be generated by chemical treatment, especially acid hydrolysis from various
biomass resources [10]. Mandal and Chakrabarty [11] isolated more crystalline nanocellulose by
acid hydrolysis from sugarcane bagasse by acid hydrolysis of native cellulose fiber using a
concentrated inorganic acid commonly sulfuric or hydrochloric acid. Abrahama et al. [12] also
tried to extract nanocellulose by steam explosion technique along with mild chemical treatment.
Recently some researchers adopted ultrasonic [13] and enzymatic pre-treatment methods [14] for
the preparation of nanofibres. Cheng Q. et al. [15] produced cellulose fibrils in micro and nano-
scales from several cellulose sources, including regenerated cellulose fiber, pure cellulose fiber
and microcrystalline cellulose by ultrasonic treatment to reinforce PVA to make biodegradable
nanocomposites by film casting technique. NCC can be used as fillers in composites [16-19]
because they have interesting mechanical properties [18]. Due to small size, high surface area,
insolubility in water and high aspect ratio, MCC is a promising reinforcing material of
biocomposites. Composites from MCC reinforced with various polymer provide strength,
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rigidity and biodegradability, as already reported [20 - 22]. Rahman et al. in their study;
fabricated MCC-UF (urea formaldehyde) composites and showed that the thermal stability as
well as mechanical properties of MCC-UF composite is better than those of other CLC-UF
composites [7]. There is a great number of potential applications of nanocellulose within
different industries including composites for construction [23 - 24]. Wei Li et al. prepared a
magnetic composite using nanocellulose fiber as matrix [25]. Cellulose nanofibres have been
shown to be useful for generating hierarchical composites because it offers a way for long
micrometer sized fiber to be more effectively used in composites by enhancing coupling
between the fiber surface and the surrounding resin [26].

This research is focused on the synthesis of MCC and NCC by acid hydrolysis from CLC
and their characterization. Because, nanocellulose is a new frontier subject of research owing to
its unique material properties [27]. The use of strong acids with high concentration (70-80%) for
the preparation of MCC and NCC from CLC tend to be toxic and the degradation of cellulose.
We used sulfuric acids with mild concentration which overcome toxicity with no degradation of
cellulose. Here we report on an efficient extraction of MCC and NCC from CLC by a mild
chemical treatment. The structural arrangement, intermolecular interaction and chemical
functional groups in the cellulose micro and nanocrystals were characterized by FTIR comparing
with a-cellulose of raw CLC. The morphological change was characterized by SEM analysis.
Thermal behavior was characterized by TGA measurement. The bulk densities of the samples
were also measured. However, the present research work concentrates on the feasibility of the
extraction method and the physico-chemical properties of MCC and NCC obtained using present
technique.

2. MATERIALS AND METHODS

2.1. Materials

In this research work, cotton linter is used as a source of cellulose for the synthesis of MCC
and NCC. Generally, waste cotton linter is obtained as a byproduct from textile mills and
garment factories. It was collected from Imran Textile Industry, Pabna, Bangladesh. All the
chemicals used in the present investigation were analytical reagent grade purchased from Sigma
Aldrich.

2.2. Methods

2.2.1. Scouring of CLC

The removal of impurities such as dirty materials and other gummy substances from textile
cotton linter is called scouring. It was carried out by the use of surface active agents like soda
and detergents. CLC was coursed i n a solution containing 6.5 g of jet powder and 3.5 g of soda
per liter of distilled water at 70 - 75 °C for 30 minutes in a large beaker. The ratio of the CLC to
solution was 1:50 (w/v). After scouring, the CLC was thoroughly washed with distilled water for
several times and dried in open air and finally stored in desiccator.

2.2.2. Alkali Treatment of Scoured CLC

The alkali treatment of scoured CLC was carried out by using 17.5 % NaOH solution. The
scoured CLC was coursed in 17.5 % NaOH solution at 40 C for 4 hours in a large beaker heated
by a heating mantle. The ratio of the fiber to solution was 1:50 (w/v). After treatment, the CLC
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was thoroughly washed with 2.0 % glacial acetic acid for three times to make it neutral. Finally,
it was washed with distilled water, dried in open air and stored in desiccator.

2.2.3. Bleaching of Alkalized CLC

Bleaching of mercerized CLC was carried out by using 0.7 % NaClO, solution. Mercerized
CLC was poured in 0.7 % NaClO, solution at 90°'C for 90 minutes in a large beaker heated by a
heating mantle. The ratio of the CLC to solution was 1:50 (w/v) and the pH of the solution was
adjusted at 4 by acetic acid and sodium acetate buffer solution. The maintaining of this pH is
very necessary, because many organic acids are liberated during bleaching and pH of the
medium would be changed. After bleaching, the fiber was thoroughly washed with distilled
water for several times and then 0.2 % sodium metabisulphite solution. Finally, it was washed
with distilled water, dried in open air and stored in desiccator.

2.2.4. Acid Hydrolysis of Bleached CLC

The CLC as obtained from bleaching was acid hydrolyzed by refluxing with 9N and 12N
sulfuric acid. 9N and 12N sulfuric acid solutions were used for the synthesis of MCC and NCC,
respectively. For the synthesis of both, 10 g of bleached CLC was added in each of the
mentioned sulfuric acid solution. The CLC to liquor ratio was maintained at 1:50 (w/v). Then the
obtained suspension were then placed on a magnetic stirrer and stirring was continued up to 6
hours using a magnetic bar. After acid hydrolysis, the forming white powder was filtered and
thoroughly washed with distilled water. Finally, the sonication of the white powder was
performed in an ultrasonic bath for 12 hours.

2.3. Characterization Techniques

2.3.1. Bulk Density Measurement

Bulk density is the mass of a dry sample per unit volume, i.e. mass of solid divided by the
volume of the sample. In order to determine it, the tested specimen was prepared according to
the ASTM C135-76 and can be calculated by the following formula:

Bulk density, D = Ws/V,
where, Ws = Weight of the tested sample, kg; V = Volume of the tested sample, m®,

2.3.2. Fourier Transform Infrared Spectroscopy (FTIR) Measurement

The FTIR spectra of raw CLC and chemically treated CLC samples were recorded on an IR
instrument (SHIMADZU IR Prestige-21, Japan) between the wavenumber ranges from 400-
4000 cm™ with a resolution of 4 cm™. The samples were ground into powder by a fiber
microtome and then blended with KBr followed by pressing the mixture into ultra-thin pellets.
The sample pellets were prepared by mixing approximately 0.5 mg of powder sample and 100
mg of dry KBr in a small mortar pestle.

2.3.3. Scanning Electron Microscopy (SEM) Analysis

SEM photographs of the surfaces of virgin CLC and treated CLC were captured using SEM
technique (ZEISS SIGMA VP, USA). For this, the samples were coated with gold using the
sputtering technique and magnifications 1000x, 5000x, 20000x and 50000x were taken for each
sample. Particle size distribution (PSD) curves of these SEM images were also drawn by Image
J and origin 8 software.

2.3.4. Wide-angle X-ray Diffraction (WAXD) Analysis
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Wide-angle X-ray diffractogram pattern for raw and treated CLC was obtained by wide
angle X-ray diffractometer (RIGAKU ULTIMA 1V, Japan) using Cu K, radiation (A = 0.154
nm), voltage of 50 kV and current of 40 mA with 26 ranges from 5 - 35 increased in step of
3’/min. The data was analyzed by origin 8 software.

2.3.5. Thermo Gravimetric Analysis (TGA)

Thermo gravimetric analysis was performed with Thermal Analyzer (TA) instrument
(NETZSCH STA449F5, Germany) to study the thermal degradation behavior of the samples.
The TGA apparatus was flushed with nitrogen atmosphere and 10 mg of sample was used. Each
sample was heated from room temperature to 600 C with an increasing rate of 5 C/min, TGA
and DTG curves were obtained.

3. RESULTS AND DISCUSSION
Different characteristic properties of raw CLC, synthesized MCC and NCC were investigated in
this study. The results obtained from various experiments as shown in the following sections:
Bulk Density

It has been evident that the bulk density of CLC, MCC and NCC are fairly different from
each other. The average bulk density of the raw CLC is 1.01 g/cm®. The alkali treatment
removes a certain amount of lignin, hemicellulose, wax and oils that cover the external surface
of the fiber cell wall.

Table 1. Bulk density of raw CLC, Bleached CLC, MCC and NCC.

Name of No.of Mass Volume Bulk Density Mean Bulk
Sample Exp. (9) (cm®) (glcm®) Density (g/cm®)
1 5.05 5 1.01
Raw CLC 2 5.10 5 1.02 1.01
3 5.00 5 1.00
Bleached 1 7.55 5 1.55
CLC 2 7.70 5 1.54 1.54
3 7.95 5 1.53
1 10.05 5 2.01
MCC 2 10.10 5 2.02 2.01
3 10.00 5 2.00
1 10.45 5 2.09
NCC 2 10.35 5 2.07 2.08
3 10.40 5 2.08

During bleaching, it causes the complete elimination of the remaining cementing materials
from the fiber. Hence, the percentage of lignin decreases from raw fiber to bleached fiber. The
samples were further broken down into leaner fragments by the sonicator of acid hydrolysis [28].
As the data given in Table 1, the average bulk density of bleached CLC and MCC is higher than
that of raw CLC. However, the bulk density of NCC is higher than that of CLC and MCC. It is
happened due to shorter chain length, diameter and reduction of amorphous region in CLC. The
bulk density of the banana peel cellulose is higher than that of the smaller particle sized
commercial cellulose [29]. The results were similar to those reported by Prakhonpan et al. [30].
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FTIR Spectra
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Figure 1. Superimposition curves of FTIR spectrum of (a) Raw CLC,
(b) Bleached CLC, (c) MCC and (d) NCC.
Table 2. Infrared absorption wavenumbers of raw CLC, Bleached CLC, MCC and NCC.

Peak regions (cm™) Absorption Bands

3570-3450 -OH bond stretching in alcohol

3000-2500 -OH bond stretching in cellulose

1730- 1715 C=0 stretching of a,  unsaturated esters

1725-1700 C=0 stretching of saturated aliphatic acids

1715-1690 C=0 stretching of aryl aldehyde

1620-740 C-H stretching of lignin

1350-1260 C-O stretching at primary alcohol present in guaiacyl
lignin, cellulose and hemicellulose

1225-1000 Characteristic absorption of COH group

1250-1000 C-O of tertiary alcohol

1200-920 B- glycosidic linkage of glucose ring of cellulose

Near 1100 C-O of secondary alcohol

Infrared transmittance spectra with main observed peaks of the tested samples are shown in
the Fig. 1. Table 2 presents the analysis of the peaks along with their associated groups. The
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FTIR spectrum of raw CLC contains the typical vibration bands of the components mainly
corresponding to the cellulose, hemicellulose and lignin. The hydrophilic tendency of the
cellulose and CLC are reflected in the broad absorption band at 3500 - 3000 cm™ region which is
related to the hydroxyl (-OH) groups present in their main chain. Between 1600 - 900 cm™
region, it is clear that in CLC vibrations of chemical components of the lignin at wavenumber of
1514 cm™ for guaiacyl and 1428, 1372 and 1325 cm™ associated with syringyl. These
absorptions are consistent with those of the typical cellulose backbone. The peak present at
1740-1730 cm™ in the spectrum corresponds to the raw cotton linter could be due to the presence
of C=0 linkage, a characteristic group of lignin and hemicellulose at 1765 - 1715 cm™. Another
possibility is that the carboxyl (-COOH) or aldehyde (-CHOQ) absorption could be arisen from
the opened terminal glycopyranose rings or oxidation of the -CHO groups. Alkali treatment
reduces the hydrogen bonding due to the removal of the hydroxyl groups by reacting with
sodium hydroxide. This results in the increase of the -OH concentration, evident from the
increased intensity of the peak between 3300 and 3500 cm™ bands compared to the untreated
fibers [31 - 32].

Almost the same absorption peaks as shown in the cellulose fibers are observed in the
spectrum of the MCC and NCC. This indicated that the structure of cellulose has not been
damaged after the acid treatment [33]. On acid hydrolysis, the -OH group of cellulose is
oxidized to aldehyde (-CHO) or carboxyl (-COOH) group giving the identical peak at 1736 cm™.
As the concentration of acid increases, the intensity of peak at 1736 cm™ of the samples
increases. From the figure, it is observed that the very low intensity of the peak is negligible for
CLC but it gradually increases in case of MCC and NCC. On the other hand, the peak centered
at 1643 cm™ in the FTIR spectrum of CLC may be due to the C=0 band of hemicellulose. The
intensity of the peak decreases from cellulose to NCC as the hemicellulose is removed gradually
by acid hydrolysis. From the FTIR analysis, it has been concluded that there is a reduction in the
guantum of binding components present in the fibers due to the chemical treatment. The raw
CLC gives the characteristic peaks in between 1740 - 1730 cm™ and 1300-1200 cm™. The peaks
are produced mainly for the presence of hemicellulose and lignin in the raw CLC. This type of
characteristic peaks are completely absent in the final bleached and acid hydrolyzed CLC. The
FTIR spectra of MCC and NCC are not massive different with cellulose. It indicates that no new
bonds were formed during acid hydrolysis.

SEM Images

The trend in size reduction during various processing steps is demonstrated with the help of
SEM. Figures 2(A), 2(B) and 2(C) show the SEM micrographs and PSD curves of different
tested samples. The diameter of the raw CLC fiber is much bigger and each fiber appears to be
composed of several microfibrils. Each elementary CLC possesses a compact structure,
exhibiting an alignment in the fiber axis direction. It also displays a lot of non-fibrous
components scattered over the fiber surface. During digestion, the cuticle of the fibers is totally
removed, the primary wall loses those parts which are soluble in caustic soda and the secondary
walls with their screw structure and the 95 % of cellulose content are chemically attacked [34].
Acid treatment of bleached and alkali treated CLC helps in defibrillation of the fibrils where by
the diameter of the fibrils is reduced to a greater extent, also possibly because of removal of non-
cellulosic constituents as well as the CLC is breakdown into small particles. The SEM image of
bleached CLC showed the intact cotton fiber devoid of any fibrillation.
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Figure 2(A). SEM images of: (a) Raw CLC (1000X and 5000X magnifications), and (b)
Bleached CLC (1000X and 5000X magnifications).

Date: 20 Feb 2022
Time: 15:37:15
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Figure 2(B). SEM images of: (c) MCC (20000X and 50000X magnifications), and (d) NCC
(20000X and 50000X magnifications).
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The initiation of fibrillation after the pulping stage and the extent of fibrillation increased
significantly after the beating and refining processes [35]. From the SEM images, it is also seen
that the surface of untreated sample (CLC) looks relatively smooth as compared to the rough
surface due to voids and absence of wax on the surface of bleached CLC, MCC and NCC. This
is similar with the microstructure of the commercial cellulose which is fibrous with a smooth
surface and it has a fiber length about 200 - 300 um [29]. The size of pore on bleached CLC,
MCC and NCC is increased due to removal of impurities. On acid hydrolysis, the surface of
MCC and NCC looked rougher and created cavity due to completely removal of impurities. The
microroughness of the surface is successfully developed on the fiber surface [36]. So, after
chemical treatment, the surface of CLC changed noticeably.
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Figure 2(C). PSD curves of: (a) Raw CLC, (b) Bleached CLC, (c) MCC and (d) NCC.

The particle size distribution of apowder or granular material is a list of values or
a mathematical function that defines the relative amount typically by mass of particles present
according to size. PSD curves obtained from the SEM images showed the large variation in the
particle size. The particles are in the range of 10 - 16 um with average diameter size of raw CLC
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and bleached CLC (Figs. 2C (a), (b)). But in case of MCC and NCC the range of average
diameter size is 0.8 - 1.0 um and 500 - 700 nm, respectively (Figs. 2C (c), (d)).

WAXD Images

Figure 3 has shown the X-ray diffractogram of the investigated specimen which has been
detected by WAXD. On removal of the noncellulosic constituents from the fibers by chemical
treatment, the degree of crystallinity and crystallinity index will change. The fiber constitutes
crystalline and amorphous regions. The degree of crystallinity, i.e., the amount of crystalline
cellulose present in a cellulosic fiber cannot be exactly defined, as neither the crystalline
portions are perfect crystals nor the non-crystalline portion completely disordered. The
diffractogram of different CLC, MCC and NCC show two peaks around 26 = 17.2 (peak 1) and
23.2" (peak 2) which are typical peaks of cellulose 1. Comparing with the bleached CLC, there is
no crystalline transformation of the crystalline structure in the MCC samples due to invisible
changes in the diffraction angle (26). It is also observed that after high concentrated acid (12 N)
treatment the crystalline peak intensity at 23.2° of MCC was increased. The increase in the
intensity indicated that the acid hydrolysis induced the crystallinity index (Crl %) due to the
removal of amorphous materials like hemicellulose, lignin and some other non-cellulosic
materials.

9000 Table 3. Crystallinity index of
8000 - A ! different CLC, MCC and NCC.
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Figure 3. Superimposition XRD curves of: (a) Raw CLC, (b)
Bleached CLC, (c) MCC and (d) NCC.

It can be noted that the increased orientation of cellulose along a particular axis with the
non-cellulosic polysaccharides which are removed by hydrolysis and the amorphous zones are
dissolved. If the acid acts on cellulose microfibril surfaces, consuming the less ordered surface
layers of cellulose, the internal ordered cellulose chains will become surface chains resulting in
production of more amorphous cellulose and a further decrease in cellulose Crl [37]. It can also
be noted that the peak intensity ratio between the peaks 23.2 and 17.2" are increased with the
increase of acid concentration up to a maximum level then decrease. This may be due to higher
acid concentration; degradation of cellulose occurs which may decrease the Crl in case of NCC
(Table 3). Kanchanalai et al. showed that Crl of non-pretreated Avicel was approximately
56.7 % but a steep change in Crl observed in the narrow range of HsPO, concentration between
77 and 80 wt. % [38]. Morais et al. showed that the higher crystallinity is confirmed by the Crl
which was 64.42 % for linter and 90.45 % for nanocellulose [5]. With the treatment of NaOH
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and bleaching agents, the lignin is removed and in this case also the degree of crystallinity goes
on increasing. This may be due to the removal of lignin which acts as a cementing material and
on delignification, an ordered arrangement of the crystalline cellulose in the structure takes place
[28]. The higher acid concentration produces NCC with lower crystallinity than MCC and it
indicates that the addition of acid with higher concentration is not only to break the amorphous
region of the cellulose but also damage the parts of crystalline structure. The hydrolysis with 9N
sulfuric acid will break the amorphous region of CLC to produce MCC with higher Crl.
However, when the used acid concentration is higher such as 12 N, the crystalline part can be
damaged during hydrolysis consequently the Crl is decreased.

Thermal Properties
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Figure 4. TG curves of: (a) Raw CLC, (b) Bleached CLC, (c) MCC and (d) NCC.
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Figure 5. DTG curves of: (a) Raw CLC, (b) Bleached CLC, (c) MCC and (d) NCC.

The thermal behavior of raw CLC, bleached CLC, MCC and NCC could be determined
from the TGA and DTG curves presented in Fig. 4 and Fig. 5 at an increasing heating rate of
5 °C/min. Due to the difference in the chemical structures among cellulose, hemicellulose and
lignin; they usually decompose at different temperatures. Many studies related to the
decomposition of lignocellulosic materials can be found in specific literature. For convincing
explanation, four different temperature ranges, i.e. from 20 - 170, 171 - 270, 271 - 400 and
above 400 °C, were considered on the basis of the degradation of the constituent of CLC, MCC
and NCC. The first peak is occurred due to removal of moisture. Morais et al. showed that there
is a small weight loss around 45 - 50 °C related to moisture [5]. The second peak is occurred due
to the removal of low molecular weight substances and third peak is occurred due to cellulose
degradation [29]. TGA curves show the first weight loss of MCC and NCC at the range 24 -
130 °C temperature due to removal of moisture. But the increasing of mass within the
temperature range 20 - 220 °C may be due to the interaction of the sample with that of the TGA
medium (TGA analyzer) like nitrogen (N,). Another probable reason behind this mass gain may
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be the Archimedes effect. The further degradation is occurred at the range of 171 - 270 °C.
Abraham et al. stated that hemicelluloses started its decomposition at 220 °C and continued up
to 300 °C. The decomposition peak reached the maximum weight loss at 268 °C showing a 20
wt. % of solid residuals at 700 °C. Finally, they showed that lignin decomposition extended to
the whole temperature range starting below 200 °C and persisting above 700 °C. The solid
residue left from lignin pyrolysis was the highest one, 46 wt. % [37]. Acid treated CLC i.e. MCC
and NCC showed very trace weight loss. These values proved that acid treated CLC have very
minor quantity of hemicellulose and lignin. However, raw CLC showed huge weight loss at the
temperature range of 220 - 300 °C. This weight loss may be due to the degradation of low
molecular weight fraction of carbohydrates. The final degradation is occurred at the range of 271
- 400 °C and respective weight loss is due to degradation of cellulose. Yang et al. showed that in
the thermal analysis, cellulose decomposition started at 310 °C and persisted until 400°C [39].

The DTG curves are the differential form of TG curves. The peaks reveal the different
stages of degradation of different CLC, MCC and NCC. Therefore, the thermal stability of the
MCC is better than that of NCC. The possible reason behind this observation is that the MCC
has higher crystallinity as compared with the NCC which is previously confirmed by XRD
analysis.

4. CONCLUSIONS

From the present study, the bulk density of MCC and NCC has been increased than those of
raw and bleached CLC samples. On acid hydrolysis, the hydroxyl group of CLC is oxidized to
aldehyde or carboxylic acid group thus gives the identical peak at 1736 cm™. As the
concentration of acid increases, the intensity of the peak at 1736 cm™ of the NCC increases.
From the SEM images of different samples it is found that the surface roughness is increased by
the acid treatment. On the analysis of TGA and DTG, it is found that the thermal stability is
increased for chemical treatment and crystallinity index is also increased. The thermal stability
of MCC is better than that of NCC. Moreover, the diffraction intensity of relative diffraction
angle is increased after acid hydrolysis. Thus the practical approach of MCC and NCC could be
a potential, cost effective and eco-friendly method.
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