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Abstract
This paper describes a facile approach to prepare cellulose nanoparticles (CNPs) by chemical hydrolysis of cellulose fibres 
with tension, which eliminates the conventional requirement of high temperature and mechanical agitation/sonication. 
Furthermore, it gives the advantage of controlled spherical morphology. For this purpose, 60 psi load has been employed 
perpendicularly to the axis of fibres passing between rollers of different rotations per minute. This mechanism stretches 
the fibres to produce tension in them. Combing has also been employed to remove inherited immature and short fibres 
so that only the fibres with uniform tension can be utilized for chemical hydrolysis. The combing enhances uniformity and 
crystallinity index that were analysed by Uster Uniformity Test and X-ray Diffractogram respectively. Effect of tension was 
further investigated thermogravimetrically. Morphology of cellulose nanoparticles was studied by Atomic force micros-
copy that showed 8–16 nm amorphous spherical (CNPs) as the outcome of chemical hydrolysis of fibres with tension.
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1 Introduction

Cellulose fibres are the biopolymer build from the bun-
dles of very fine fibrils with nano-scale diameter, and 
these nano-fibrils are comprises of 60–80% highly ordered 
crystallites and rest are mesomorphous and amorphous 
domains [27, 41]. Numerous crystallites and disordered 
domains are present within an individual cellulose chain 
structure which are interconnected with 1, 4-β-glycoside 
linkages [15] and stabilised by hydrogen bonding. In an 
anhydroglucose unit of cellulose, there are three kinds 
of hydroxyl groups which exhibit different polarities that 
are the reason for hydrogen bonding between second-
ary –OH at C2, secondary –OH at C3 and primary –OH at 
C6. Whereas, with the glucopyranose ring each hydroxyl 
group is bonded equatorially while –CH groups are 
attached axially. This is because hydrophilic and hydro-
phobic sites appear parallel and perpendicular to the ring 
respectively. These effects architect the hydrogen bond-
ing parallel to the glucopyranose ring and van der Waals 
interaction in perpendicular [17, 25].

Cellulose nanoparticles (CNPs) are earning curiosity 
amongst researchers due to their versatile applications in 
biomedical [4, 18], nano-composites [7], bio-electrodes 
[21] pharmacy [24], food [26], textile [35] and many other 
industries. These broad applications are because of their 
nanosize, high strength [1], low weight [8], good rheology 
[32, 33], fine optical properties [12] and inertness to many 
substances [13, 25].

Cotton fibres are the purest source of the cellulose fibres 
while in wood and other parts of the plants, it is found with 
lignin, hemicelluloses and other high content impurities. 
Therefore, cotton fibres are the first choice to prepare CNPs 
[19, 20]. Traditionally, mechanical homogenization process 
is used for mass production of CNPs which requires energy 
consumption of 20,000 to 30,000 kWh per tonne which is 
4 to 5 times of potential energy of biomass [33].

The inter-fibrillar hydrogen bonding energy has to 
be overcome for the preparation of CNPs which ranges 
between 19 and 21 MJ/kg mol [3] due to which fibrous 
and crystalline CNPs are comparably easy to prepare rather 
than spherical and amorphous CNPs [6, 34]. Nevertheless, 
many scientists reported the preparation of spherical 
CNPs by using the modified effect of common parame-
ters; strong chemical hydrolysis, high mechanical agita-
tion/sonication and elevated temperature. As reported, 
some of them performed milling before hydrolysis [10, 
22, 40] while some have used cotton waste by textile mill 
[9] or waste cotton fabric [38]. Moreover, Han et al. [11] 
reported the formation of spherical nanoparticles by high-
pressure homogenization. Interestingly, all of these prepa-
ration methods involve the role of tension in fibres which 

weakens their intermolecular and intramolecular bonding. 
It is understandable that the milling process produces ten-
sion in cellulose fibres. Similarly, waste cotton and waste 
cotton fabric already have some extent of tension in them 
as they are the waste of drafted cellulose fibres which will 
be further elaborated in our manuscript. Lastly, high-pres-
sure homogenization also produces tension in cellulose 
fibres and weakens its bondings.

Prior research studies have shown the formation of 
amorphous and spherical nanoparticles as a function of 
high shear force in the form of milling, sonication and 
high-pressure homogenization etc. The effect of shear 
force on the cellulose morphology at a molecular level 
never been studied.

According to our hypothesis, shear forces impact on 
intra and intermolecular hydrogen bond in cellulose 
chains and creates a sort of tension at the micro level and 
cause the cellulose chain to be disintegrated laterally to 
produce amorphous and spherical nanoparticles.

Therefore this investigation is designed to assess the 
hypothesis that fibres with tension can affect the reaction 
conditions and morphology of nanoparticles to develop 
a facile and economical method to prepare cellulose 
nanoparticles via chemical hydrolysis Our findings in this 
paper are twofold; first, the preparation of spherical CNPs 
by chemical hydrolysis of cellulose fibres with tension. 
Second, a deep discussion on the significance of tension 
as a parameter for the preparation of spherical CNPs by 
comparing obtained results with previously reported 
methods. The paper of Altaner et al. [2] explains a mecha-
nism in which the drafting of a cellulose fibre stretches its 
glycosidic linkage and weakens the hydrogen bonding. In 
a result, its mechanical stiffness increases synergistically 
which build tension. This phenomenon makes cellulose 
fibre much more vulnerable for chemical hydrolysis.

Herein, we utilised spin cellulose fibres obtained from 
drafting–combing–drafting process to evaluate the effect 
of tension on reaction parameters and morphology of 
CNPs. It is found that tension in fibres not only control the 
morphology of CNPs but reaction conditions as well. In 
this research study, we successfully prepared spherical 
and amorphous CNPs of 8–16 nm at ambient temperature 
without any pre-treatment and post-treatment mechani-
cal stirring or sonification.

2  Experimental

2.1  Materials

Cellulose fibres of African origin were collected from Fazal 
Textile Mills in Karachi, Pakistan with average chute feed 
size of 12.54 mm. Concentrated Sulphuric Acid  (H2SO4) 



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:218 | https://doi.org/10.1007/s42452-020-1970-6

worked as a hydrolyzing agent and Dimethyl Sulfoxide 
(DMSO) was used as a solvent. Both the reagents were 
obtained from Sigma-Aldrich while Sodium Hydroxide 
(NaOH) was received from Merck. The de-ionized water 
with pH value of 6.24 was used for washing and neutralis-
ing purpose. All the reagents used were of an analytical 
grade having 98% purity.

2.2  Drafting–combing–drafting process: creating 
tension and uniformity in fibres

In a yarn manufacturing textile unit, the sequential draft-
ing-combing-drafting process was applied to achieve 
equivalent tension and uniformity in each fibre. First, the 
chute feed of cellulose fibres (average size 12.54 mm) 
which consist of non-uniform long and short fibres was 
put into a carding machine REITER C-60 (Switzerland) pos-
ses of a metallic wire-tooth brush to clean and unwrap 
cotton fibres into a web and apply initial stretching, leav-
ing behind the short fibres and leafy dust. The output is 
called sliver. Second, the sliver was shifted into drawing 
breaker machine REITER SB-2 (Switzerland); where sliver 
was further attenuated. The 24 attenuated slivers fed into 
lap-forming machine REITER E-32 (Switzerland) where 
they were wrapped into a spool to improve their overall 
uniformity and strength. Third, these laps fed into comb-
ing machine REITER E-7/6 to eliminate the ineligible fibres 
(≦10 mm) resulting in ultimate structural uniformity in 
terms of length and mass. Final, the combed fibres were 
attenuated further by drafting rollers to achieve endmost 
stretching capacity by the perpendicular pressure of 60 
PSI. The average final length is 15.1 mm.

2.3  Chemical hydrolysis of fibres with tension: 
preparation and isolation of spherical cellulose 
nanoparticles

A collection of fibres with tension (5 g) were just soaked 
into 100 ml 55%  H2SO4 (V/V %) at ambient temperature 
without stirring so that acid can react to the specific weak 
and amorphous regions that possess tension. A slurry of a 
thick paste (settled suspension) was achieved after 24 h. 
This slurry was quenched by five folds of 300 ml cold de-
ionized water and it became a suspension of hydrolyzed 
cellulose by the addition of 200 ml water. The suspen-
sion was left for 24 h to settle down and then decanted. 
The process of decantation was performed 10 times 

with 200 ml of distilled water after every 8 h until the pH 
reaches around 6. Moreover, 0.1 M NaOH solution was 
used to wash and neutralise the pH of solution and left for 
24 h. The solution was again decanted and washed with 
de-ionized water several times to remove excess alkali 
followed by freeze drying at − 30 °C for 24 h. The result-
ant CNPs were collected in a vial for characterisation. The 
schematic diagram of the complete preparation procedure 
is depicted in Fig. 1.

2.4  Characterization

2.4.1  Atomic force microscopy (AFM)

3D and 2D structures of CNPs were confirmed by AFM-Agi-
lent 5500. For AFM analysis, 1 mg of CNPs were dissolved 
in 100 ml moisture-free dimethyl sulfoxide (DMSO) and 
stirred for 30 min which was sample A. Then, 1 ml of sam-
ple A was further dissolved into 100 ml DMSO and again 
stirred for next 30 min forming more diluted sample B. 
Each sample was drop cast on mica sheet and kept in a 
freeze dryer for 24 h at − 30 °C before analysing. The mode 
of AFM was intermittent contact mode with the resonance 
frequency of 298.563 kHz. The AFM probe was made up 
of silicon nitride. The resolutions of 3D and 2D images are 
757 × 510 pixels and 378 × 265 pixels respectively.

2.4.2  Uniformity test

The uniformity of cellulose fibres before and after the 
drafting-combing-drafting process was measured by using 
Uster Technologies 4-SX evenness tester as per American 
Society for Testing and Materials Standard (ASTM) D1425. 
This instrument uses optoelectronic sensors.

2.4.3  X‑ray diffractograms analysis (XRD)

XRD was performed by Bruker D8 and Siemens D5000 
diffractometer with Cu K α in a 2θ range between 5° and 
90° with a step time of 1 s at ambient temperature was 
performed to evaluate their crystallinity index. The per-
centage crystallinity index (C.I) of fibres with and without 
tension was evaluated by Eq. 1 [34].

(1)%C .I = (Ic − Io)∕Ic × 100

Fig. 1  Schematic diagram of 
the preparation procedure



Vol.:(0123456789)

SN Applied Sciences (2020) 2:218 | https://doi.org/10.1007/s42452-020-1970-6 Research Article

where  Ic and  Ia are the maximum and minimum peak 
intensity. Furthermore, d-spacing between rays can be 
calculated using Bragg’s law (Eq. 2):

Such that, λ refers to the wavelength (1.54 Å), which is 
fixed for Cu K α diffractogram and θ is the angle between 
planes in degree. However, the crystallite size  (Lc) of CNPs 
is calculated by Scherrer Equation (Eq. 3).

where K is the shape factor (0.94) while β is the full width 
at half maximum (FWHM) of the peak angle in radian.

2.4.4  Thermal gravimetric analysis (TGA)

The change in thermal property due to tension and mor-
phological transformation was evaluated by thermal 
gravimetric analysis (TGA/SDTA 851). The dynamic TGA 
was performed under an inert atmosphere and isobaric 
conditions up to 600 °C.

3  Results and discussion

3.1  Tension in fibres

Natural polymers have good ductility due to their long 
chains and inter-molecular bondings [37]. The glycoside 
linkage present in the cellulose fibres supports its elonga-
tion [2]. The Table 1 shows change in length at each step 
of the drafting–combing–drafting process as calculated 
by Eq. 5. It shows that chute feed elongates 3.74% after 
carding. This card sliver was further stretched in breaker 
machine up to 9.8%. Finally, combed fibres were maxi-
mumly attenuated to further 5.5%. The whole process 
contributes 20.2% elongation.

where  Lo and  Lf are the initial and final length in each 
process.

After the process, fibres maintained their tension due 
to their intermolecular deformation which can be visual-
ised easily macroscopically as shown in Fig. 2. The Fig. 2a 
shows raw fibres (chute feed) without any tension and 
Fig. 2b depicts short fibres that were eliminated during 
the process. Some amount of tension is also visible in them 
but they were eliminated because of their ineligible length 
for further steps of processing. While Fig. 2c illustrates ulti-
mate tension in fibres evident by their curly appearance on 
the surface after having been cut by the scissors.

(2)λ = 2dSinθ

(3)Lc = K�∕�Cos�

(4)% Elongation = ((Lf − Lo)∕Lo) × 100

3.1.1  Mechanism

The fibres are stretched by applying sequential pressure 
of 60 psi perpendicularly through drafting rollers moving 
with different speed. This process not only stretched the 
glycosidic linkage but also weakened the intermolecular 
and intramolecular hydrogen bonding in the cellulose 
chain which can also be visualised at macro level such as 
fibres elongate after stretching as noted in Table 1. Fur-
thermore, stretching also produce tension in fibres which 
can be observed by the curliness of short fibres as shown 
in the Fig. 2c. Previous study by Altaner et al. [2] explained 
it theoretically that each glucose unit in a cellulose chain 
is connected by a covalent C–O–C linkage flanked by two 
hydrogen bonds. This unique geometry allows coop-
eration between covalent and hydrogen bonding. The 
applied mechanical tension straightens out this zigzag 
conformation of the cellulose chain. This straightening at 
molecular level consequently increases the length of fibre 
but it is resisted by one of the flanking hydrogen bonds. 
This constitutes a simple form of molecular leverage with 
the covalent structure providing the fulcrum and gives the 
hydrogen bond an unexpectedly amplified effect on the 
tensile stiffness of the chain.

It is reported that chemical hydrolysis of fibres by 55% 
 H2SO4 produces crystalline nano-fibres [14] but in our case, 
amorphous spherical CNPs were achieved nature due to 

Table 1  %Elongation test report after each operation performed in 
the yarn manufacturing unit of a textile mill

Test number Process Length (mm) Elongation (%)

1 Chute Feed
(Start)

12.84
2 12.76
3 12.45
4 12.1
Average 12.54 0
1 Card Sliver 12.94
2 12.82
3 13.25
4 13.01
Average 13.01 3.74
1 Breaker 14.85
2 14.27
3 14.14
4 13.9
Average 14.29 9.8
1 Combed Fibres

(End)
15.15

2 14.49
3 15.68
4 15.01
Average 15.08 5.5
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tension which weakens the hydrogen bonding and mini-
mizes reaction conditions. It is confirmed by wavy XRD 
pattern of CNPs with no sharp peaks illustrated in the 
Fig. 6c.

The mechanism of this work explains that the stretched 
glycosidic linkage and weakened hydrogen bonding ame-
liorate the vulnerability of fibres to chemical hydrolysis 
and promotes the formation of spherically wrapped CNPs.

The chemical hydrolysis of cellulose fibres initiates with 
the reaction of oxygen in glycosidic linkage with hydrogen 
ion of sulphuric acid that breaks the cellulose chain. The 

weakened hydrogen bonding of fibres due to tension and 
heat of hydrolysis facilitate the cellulose chain to wrap into 
a spherical dimension [16].

The 5 g of cellulose fibres were chemically hydrolysed 
and only 0.88 g of CNPs were collected as resultant after 
freeze drying. Therefore, the yield of proposed method 
is 17.6% by Eq. 5. During the chemical hydrolysis, most 
of the cellulose either decomposed into sugar and water 
or burned by sulphuric acid. Although the overall yield is 
low but the method is facile and can efficient to produce 
amorphous spherical CNPs of 8–16 nm.

Fig. 2  Effect of tension on fibres. a Raw fibres (chute feed) without tension. b Short eliminated fibres with some tension. c Fibres with ten-
sion after complete stretching

Fig. 3  The morphology of CNPs obtained by AFM at different dilu-
tion shows spherical CNPs formed by chemical hydrolysis of fibres 
with tension. a The 3-dimensional AFM image of a single-diluted 
sample of CNPs. b Two-dimensional image of a single-diluted sam-

ple of CNPs. c Histogram of a single-diluted sample of CNPs. d The 
3-dimensional AFM image of a double-diluted sample of CNPs. e 
Two-dimensional image of a double-diluted sample of CNPs. f His-
togram of a double-diluted sample of CNPs
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3.2  Effect of tension on morphology of CNPs

AFM images show the spherical morphology of CNPs with 
different degree of dilution. The Fig. 3a, b illustrates sin-
gle-diluted CNPs with 18.1 nm–60.5 nm particle size while 
48.5 nm is highly frequent particle size as indicated in its 
histogram in Fig. 3c. The average particle size is 33.25 nm. 
The Fig. 3d, e show that on double dilution, the size of 
CNPs reduced up to 8–16.1 nm while 14.4 nm is highly 
frequent particle size as indicated in its histogram in Fig. 3f. 
The average particle size is 8.8 nm. This is because dilution 
reduces the agglomeration between CNPs. Therefore, a 
possible explanation for the production of spherical CNPs 
at milder conditions can be hypothesised. The drafting-
combing-drafting process not only increases the overall 
crystallite domain by eliminating the amorphous and 

(5)Yield =
(

massCNPs∕massfibres
)

× 100

short fibres but also weakened the disordered domains in 
the fibres. Consequently, spherical CNPs of 8–16 nm with 
low crystallinity index when chemically attacked even at 
milder chemical conditions were achieved.

In closure, the role of tension in fibres should be 
acknowledged to diminishes the need of sonication/
mechanical agitation before or after chemical hydrolysis 
and elevated temperature as performed in other reported 
methods for spherical CNPs [10, 11, 22, 38, 40].

3.3  Effect of tension on uniformity of fibres

In drafting–combing–drafting process, the combing of cel-
lulose fibres removed the short/immature fibres and impu-
rities which improved the crystallinity index and structural 
uniformity in them. The fineness of fibres, maturity and 
amount of short fibre contents before and after the com-
plete process was measured with USTER AFIS (Advanced 
Fibre Information System) is given in Tables 2, 3.  

Table 2 represents the numeric readings about the qual-
ity of fibres before and after the process. Finness of fibres 
is specified by the linear density with unit mtex as given 
in Eq. 6. These values confirm an increase in linear den-
sity from 168 to 185 mtex after the applied process. The 
percentage maturity of fibres improved after removal of 
short and immature fibre content calculated by Eq. 7. The 
maturity of fibres improved from 87 to 93% when 12.9% 

Table 2  Quality characteristics 
of fibres

Fibres characteristics with units Fibres before the drafting–comb-
ing–drafting process

Fibres after the draft-
ing–combing–drafting 
process

Fibrefineness (mtex) 168 185
Maturity (%) 87 93
Short fibre content (%) 12.9 8.7

Table 3  Shows the results of 
uniformity of the fibres tested 
after the drafting–combing–
drafting process

S. no. U % CVm %

1 2.72 3.43
2 2.70 3.41
3 2.73 3.40
Mean 2.72 3.42

Fig. 4  Spectrograms of Table 3 
results
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short fibre content in sliver was reduced up to 8.7% by the 
process estimated by Eq. 8.

Table 3 represents the linear irregularity of fibres or 
unevenness (U %) and coefficient of variation in mass of 
fibres (CV %). The evenness of fibres was around 97%.

(6)Fibre finness (mtex) = (mass (mg))∕(length (km))

(7)

% Maturity = (mass of mature fibres (mg))∕

(mass of fibres (mg)) × 100

(8)

% Short Fiber Content = (mass of short fibres (mg))∕

(mass of fibres (mg)) × 100

(9)%Evenness (%Ev) = 100% − U%

Figure 4 shows the graphical output of the results rep-
resented in Table 3. It can be observed from it that CV % at 
a wavelength of 1 to 2 cm is about 0.2% therefore we con-
sidered the 1 cm long fibres for the preparation of CNPs. 

3.4  Effect of tension on crystallinity index

The improvement in the crystallinity index can be noticed 
in the XRD pattern of cellulose fibres before and after the 
drafting–combing–drafting process as shown in Fig. 5a. 
Both the XRD results show similar peak position (2θ), such 
that 23° for crystallite part at the d-spacing value of 3.8 Åm 
and 17° for the amorphous region with the d-spacing 
value of 5.3 Åm. However, their % crystallinity index var-
ies due to different peak intensities at certain positions 
calculated by Eq. 1. This showed that %C.I of Noil (short 

Fig. 5  XRD of cellulose fibres: a before and after tension. b XRD 
result of spherical CNPs prepared by chemical hydrolysis of cellu-
lose fibres with tension

Fig. 6  TGA results of Cellulose fibres: a before and after tension. 
bTGA of Spherical CNPs prepared by chemical hydrolysis of cellu-
lose fibres with tension
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and immature fibre) to be 55.55% which increased up to 
78.94% for Sliver(mature fibre) after applying tension. It 
confirms the effect of tension on crystallinity index such 
that tension in fibres eliminates much of the amorphous 
region and improves crystallinity index and uniformity.

Figure 5b shows the diffraction pattern of CNPs. The 
absence of any sharp peak and wave like broadened 
curves represent the complete distortion of lattice struc-
ture and their amorphous nature. This amorphous struc-
ture is due to chemical hydrolysis of fibres with tension. 
As compared to the reported study [14] which explains 
that the crystalline CNPs should be formed by 55% 
 H2SO4 hydrolysis but in this work, amorphous CNPs were 
achieved due to weaker intermolecular and intramolecular 
bondings in fibres with tension.

By using the Scherrer Eq. (3) it was evaluated between 
 5°(2θ1) to  9°(2θ2) with FWHM (β) of �∕4 radian which gave 
the value of 0.184 nm for crystallite size of CNPs. This 
proves very low dimension of CNPs 8 to 16 nm as shown 
in AFM images in Fig. 3d, e.

3.5  Effect of tension on thermal properties 
of cellulose

Cellulose shows good thermal stability depending upon 
its primary source [28]. The tension in fibres does not effect 
in the thermal properties significantly. However, the spher-
ical CNPs showed similar TGA curve as compared to the 
published literature [22].

The cellulose fibres before and after tension showed 
almost identical TGA curves as given in Fig. 6a. The TGA 
was initiated with 12 mg of the sample. A slight downfall 
of the curve was observed between 20 and 70 °C which 
shows the elimination of moisture and volatile impurities. 
The TGA curve remained steady until 270 °C. This region is 
known as the stability region. After this, the decomposi-
tion of the sample started with a slow pace between 270 
and 350 °C followed by a rapid thermal degradation from 
350 to 410 °C. This slow and rapid thermal degradation is 
due to the carburizing of the sample [39]. The total of 9 mg 
of sample was carburized. After 410 °C a smooth decompo-
sition pattern was observed up to 600 °C which was due to 
a very minute amount remained for further degradation. 
This is the tail-end of a TGA curve which means that ther-
mal analysis is over. The TGA curve analysis took 30 min for 
complete degradation with 8.3% charred residue.

The difference between C.I of both types of fibres is just 
23.99%. For such a minute amount of samples (12 mg) 
this difference is not much prominent but the difference 
in thermal degrading can be significant in bulk amount.

The TGA curve of CNPs is shown in Fig. 6c. The TGA was 
initiated with 17 mg of the sample. A slight downfall of the 
curve was observed between 20 and 70 °C which shows 

the elimination of moisture and volatile impurities. This 
decline was further preceded by slow and rapid degrada-
tion which ends at 250 °C. It is noted that the due to the 
high surface area the stability region of CNPs is not promi-
nent in the TGA curve. The steep curve of slow and rapid 
degradation is due to rapid carburizing. The calculated % 
charred residue is 10.6% while the complete analysis took 
22 min.

The TGA of CNPs showed weaker thermal stability than 
its precursor. This may be due to some sulphate groups 
that remained in the CNPs after chemical hydrolysis. The 
elimination of sulphuric acid in sulphated anhydroglucose 
units consumes less energy which also favours the depoly-
merisation of cellulose by removing hydroxyl groups via 
esterification. It also increases surface area and amorphous 
nature of spherical CNPs and many free end-chains which 
make them more susceptible to decomposition [30]. This 
TGA curve explains the role of hydrogen bonding and gly-
cosidic linkages. The inter-molecular bonding in cellulose 
improves its overall physical strength. At nano-level cellu-
lose fibres have fewer numbers of inter-molecular bonding 
among them due to their low degree of polymerization, 
which declined overall thermal stability [5]. Therefore, 
CNPs have higher % charred residue but weaker thermal 
stability than their precursors. Additionally, flame retard-
ant sulphate groups contribute to the increased %charred 
residue [30].

3.6  Applications

CNPs already play a vital role as a raw material in fabrica-
tion of various daily-life products and composites due to 
their very small size, good compaction [23, 31], low toxic-
ity [29] and other beneficial properties with respect to its 
surface area [7, 41]. Our CNPs with a very small size of 8 to 
16 nm can dramatically improve compaction and product 
efficiency with less amount and energy consumption.

However, our declared process itself has its contribution 
to the mass production of CNPs both in the industry and 
chemical laboratories due to its simplicity and efficiency. 
Furthermore, we claim its good yield due to less process-
ing complications and possible use of short fibre waste 
for green processing as reported [9], because these short 
fibres also possess some amount of tension in them.

4  Conclusions

In conclusion, the tension in fibres by drafting–comb-
ing–drafting process produced uniformity and high crys-
tallinity index in cotton cellulose fibres and has played 
its significant role in the preparation of spherical CNPs. 
The spherical CNPs of 8–16 nm diameter were prepared 
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successfully with low crystallinity index using milder reac-
tion conditions without any mechanical stirring or sonifi-
cation and elevated temperature. TGA results showed the 
negligible effect of tension on thermal properties due to 
the very small amount of sample.
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