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Preparation of Nanocellulose from waste of Cotton Lint
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Abstract

The aim of the current study is to prepare nanocellulose (NC) from agricultural wastes: cotton
lint rather than throwing it into waste which increases pollution of the environment and thereby
reduces environmental pollution to some extent. In this study, the nanocellulose was prepared
by acid hydrolysis using sulfuric acid at a concentration (30) % for cotton lint to dissolve the
raw materials by sulfuric acid and extract cellulose. It also converts it to nanocellulose by using
renewable and advanced methods by the ultrasonic processor for different times at (30-180)
minutes. And the outcome was a fine powder with good quality that could have been used in
other processes and methods. By completely removing lignin and hemicellulose, Atomic force
microscope (AFM) photos demonstrated the smooth surface and small nanoparticles of cotton
lint-derived Nano cellulose, while Fourier transform infrared spectroscopy (FTIR)
measurements demonstrated the purity of cellulose. 3.303 nm is reported to be the average
roughness of cotton lint-derived nanocellulose. There are numerous uses for the manufactured
cellulose nanoparticles. Because of this, we think that in the near future, cotton lint with a high

cellulose content will be a great source of inexpensive raw materials.
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Introduction

Cellulose nanoparticles have received a lot of interest among the many organic nanoparticles
for a variety of reasons. Due to its abundance, biodegradability, affordability, and exceptional
mechanical strength, cellulose has a variety of significant practical applications (1). Cellulose
is the most common polymer and the main component of the bulk of plant biomass (2). A range
of leftover plants, such as maize cobs, rice straws, banana stems, sugar beets, soy hulls, and
many others, are used to make cellulose nanoparticles (3). The term "nano cellulose” and its
derivatives are used to describe a novel type of nanotechnology. This type appears to have
numerous applications in the world of materials where it is possible to considerably enhance

the physical attributes of strength, flexibility, weight, and optical capabilities (4). Additionally,
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the cellulose nano crystal (CNC), is one of the strongest and stiffest organic molecules. CNCs
have high surface areas (approximately 250 m2/g) and are hydrophilic. Surface stimulation is
particularly prone to affect them. (5). Nanocellulose can be categorized using a variety of
factors, such as shape, size, and structure. Sheet, spherical, and whiskers are the three main
categories of shape features. Micro fibrillated nanocellulose (MFC) has a sheet-like structure
in contrast to the two shapes that microcrystalline cellulose (MCC) can take. It should be noted
that each nano cellulose structure contains a range of lengths, widths, and crystallinity
percentages. These structures can take many different shapes, including those of particles, rods,
webs, and fibers. MFC has both web-like and fiber-like forms, whereas NFC exclusively has

the fiber-like form due to structural changes (6, 7, 8).
The Aim of the study

This study aims at Preparation of Nanocellulose from cotton lint and pear peels instead of

throwing it as waste and causing damage to the environment

Experimental

Materials

Agricultural waste is the: cotton lint collected from Diyala, Iraq. Linter is an important by

product of the textile industry.
Chemical solutions preparation

The following options were used in this study:
1. Sulfuric acid in concentration (30 %) of cotton lint.
2. Sodium hydroxide with a concentration of (1%) for naturalize the sample to PH7 by
adding NaoH (1 %).
3. Sodium hypochlorite (Naocl) is used with a concentration of (4%) for the bleaching
process and to remove most of the remaining phenols such as lignin and polyphenols.
4. HydroaSchloric acid with a concentration of (0.1) M was used to change the pH of dye

solution.
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Chemical Methods

This technique deals with purifying the raw materials cotton lint and turning these wastes into

nanocellulose materials through a number of chemical studies.

Nano cellulose preparation from agricultural waste (cotton lint) cotton lint is extracted of its

cellulose in the following steps:
A. Step of purification:

This process involved repeatedly washing the cotton lint in distilled water (exactly five times).

Following that, cotton fiber was dyed and allowed to dry for one full day.
B. Bleaching technique

In this phase, the sample (15 gm) was introduced to sodium hypochlorite (4%) for 3 hours while
being vigorously mixed. The sample was then filtered and repeatedly rinsed with distilled water
before being dried at (50 °C) for 3 hours.

C. Preparation Nanocellulose product:

Acid hydrolysis has been used to prepare the final product (9). When the product from the
bleaching step has been hydrolyzed in 100 ml of 30% sulfuric acid, the sample must be
thoroughly dissolved at 35°C with vigorous stirring before being added to each concentration
of H2SO4. Finally, 150 ml of deionized water must be added to the solution to complete the
reaction. The solution then cooled to 8 °C., the produced solution contains (1% of NaOH).
Following neutralizing, the prepared suspended solution was filtered after being spun at 10,000
g for 15 minutes (10). 200ml of deionized water was stirred into the sample to produce
nanocellulose (NC). After addition, the mixture was sonicated three times for a total of 180
minutes using an ultrasonic processor (11). The solution was chilled to 8 °C for a day after the
sonication was finished. Following that, the sample was filtered and maintained at 8 °C. Finally,
the sample obtained a perfect powder after drying at 60°C for 12 hours. the fine powder Placed

in a polypropylene tube and prepared for measurement.
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Results and Discussion

Using a scanning electron microscope (SEM), an atomic force microscope (AFM), an X-ray
diffraction (XRD), and a Fourier transform infrared spectroscope, the product of nanocellulose

(NC) generated from agricultural materials was detected (FT- IR).
Field emission scanning electron microscopy (FESEM).

Important visual data about the shape of cellulose is provided by field emission scanning
electron microscopy (FESEM). The morphology of the sample nanoparticles was examined
using FESEM (12). After isolation techniques, the external side's morphology is visible using
a scanning electron microscope (FESEM). The size and shape of the samples may be seen in
the FESEM photos. In addition to displaying non-amorphous regions, it also demonstrated the
presence of regular crystalline regions. Distribution of spherical shape like nanoparticles with
irregular distribution. From FESEM images it is confirmed in figure 1, the surface morphology
of the NC made from cotton lint shows layers that are separated from one another by a few
nanotubes. Demonstrate an irregular distribution of spherical-shaped nanoparticles with a

homogeneous distribution. The modest size of the particles is corroborated by the FESEM

photos. Cotton lint has a nanometer size of (42) nm.

Figure 1: The Fe-SEM images of (NC) produced from cotton lint
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Atomic forces microscopes (AFM)

The average granule size of nanocellulose and its morphological properties were determined
using the Atomic forces microscope (AFM) (13). Figure (2) depicts typical AFM images of
nanocellulose made from cotton lint and pear peels in two- and three-dimensions. The images
exhibited spherical forms and a very homogeneous distribution. The granular distribution
patterns of the nanocellulose made from cotton lint nanoparticles are shown in figure (3). It is
discovered that cotton lint-derived nanocellulose has an average roughness of 3.303 nm and an

average diameter of 49.67 nm.

Figure 2: Shows AFM image of (NC) prepared from cotton lint.
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Figure 3: Granularity cumulating distribution of NC prepared from cotton lint
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Fourier transforms infrared spectroscope (FT-IR)

The chemical structure of the lignocellulosic components found in the samples was determined
using FTIR analysis. The spectrum were captured between 500 and 4000 cm-1. It illustrates
how the chemical makeup of the fibers changes over time. Changes in the hydroxyl and
carboxyl groups are used to track differences related to the transition from macro to
nanomaterials (14). Figure (4) displays the FTIR spectra of NC made from cotton lint and 30%
sulfuric acid. The peaks at 3400 and 2900 cm-1, which were observed in all the samples, were
caused by the stretching vibrations of cellulose's hydroxyl group and its aliphatic saturated (C-
H) ring, respectively. the vibration caused by the (O-H) bending peak at 1670 cm-1 (14,15).
The range between 1100 and 1500 cm-1, where it is impossible to attach signatures for specific
vibrations because complicated overlap effects may occur in this region, showed smoothed
peaks. These tiny peaks may also be caused by the proteins and hemicelluloses found in the
cellulose fiber walls (16). The spectra of all samples are typical of cellulose. A ccording to thr
literature , Presenting peaks at 1160 and 496 cm-1 which indicates, the purity of the crystalline
band of cellulose, with characteristics of C-O stretching vibration and elongation of cellulose

typical pulp B-glycoside bonds, respectively, especially in nanocellulose spectra (17).
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Figures 4: FT-IR spectrum of Nanocellulose produced from cotton lint
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Conclusions

It can be concluded from this study that:

1.

Cotton lint waste was used as a raw source to create nanocellulose. Without using costly
procedures like bleaching, acid hydrolysis, freezing, or drying processes, NC product
was made from the cellulose included in the raw materials.

Raw materials were sonicated using an ultrasonic device, and the result was a powder
with good qualities that might have been used in various procedures and methods. NC
product was distinguished by (AFM, FESEM, and FT-IR)

Images from an atomic force microscope (AFM) revealed that the nanocellulose made
from cotton lint has a smooth surface, tiny nanoparticles, two and three dimensions
By entirely eliminating lignin and hemicellulose, Fourier Transform Infrared

spectroscopy (FT-IR) demonstrated the purity of cellulose.
References

Chang, C. P., Wang, I. C., Hung, K. J., & Perng, Y. S. (2010). Preparation and
characterization of nanocrystalline cellulose by acid hydrolysis of cotton linter.
Benavides, E. E. U. (2011). Cellulose nanocrystals properties and applications in
renewable nanocomposites (Doctoral dissertation, Clemson University).

Mandal, A., & Chakrabarty, D. (2011). Isolation of nanocellulose from waste sugarcane
bagasse (SCB) and its characterization. Carbohydrate Polymers, 86(3), 1291-1299.
Nazir, M. S., Wahjoedi, B. A., Yussof, A. W., & Abdullah, M. A. (2013). Eco-friendly
extraction and characterization of cellulose from oil palm empty fruit bunches.
BioResources, 8(2), 2161-2172.

Ibrahim, 1. K., Hussin, S. M., & Al-Obaidi, Y. (2015). Extraction of cellulose nano
crystalline from cotton by ultrasonic and its morphological and structural
characterization. Int. J. Mater. Chem. Phys, 1, 99-109.

Wang, M. (2011). Surface modification and characterization of nano crystalline

cellulose (Master's thesis

Volume: 2, Issue: 1, January 2024 252 P-ISSN: 2958-4612
Manuscript Code: 722B E-ISSN: 2959-5568



Academic Science Journal

7. Moon, R. J., Martini, A., Nairn, J., Simonsen, J., & Youngblood, J. (2011). Cellulose
nanomaterials review: structure, properties and nanocomposites. Chemical Society
Reviews, 40(7), 3941-3994.

8. Kuvien, 1. (2007). Characterization of biopolymer based nanocomposites.

9. Wijnhoven, S. W., Peijnenburg, W. J., Herberts, C. A., Hagens, W. I., Oomen, A. G.,
Heugens, E. H., ... & Geertsma, R. E. (2009). Nano-silver—a review of available data
and knowledge gaps in human and environmental risk assessment. Nanotoxicology,
3(2), 109-138.

10. Maiti, S., Jayaramudu, J., Das, K., Reddy, S. M., Sadiku, R., Ray, S. S., & Liu, D.
(2013). Preparation and characterization of nano-cellulose with new shape from
different precursor. Carbohydrate polymers, 98(1), 562-567.

11. Barzan, M., & Hajiesmaeilbaigi, F. (2018). Investigation the concentration effect on the
absorption and fluorescence properties of Rhodamine 6G dye. Optik, 159, 157-161.

12. Dima, S. O., Panaitescu, D. M., Orban, C., Ghiurea, M., Doncea, S. M., Fierascu, R. C.
Oancea, F. (2017). Bacterial nanocellulose from side-streams of kombucha beverages
production: Preparation and physical-chemical properties. Polymers, 9(8), 374.

13. Kumar, B. R., & Rao, T. S. (2011). Effect of substrate temperature on structural
properties of nanostructured zinc oxide thin films prepared by reactive DC magnetron
sputtering. Digest Journal of Nanomaterials and Biostructures, 6(3), 1281-1287.

14. Suleiman, M., Mousa, M., Hussein, A., Hammouti, B., Hadda, T. B., & Warad, I.
(2013). Copper (Il)-oxide nanostructures: synthesis, characterizations and their
applications-review. Journal of Materials and Environmental Science, 4(5), 792-797.

15. Oun, A. A., & Rhim, J. W. (2016). Characterization of nanocelluloses isolated from
Ushar (Calotropis procera) seed fiber: Effect of isolation method. Materials Letters, 168,
146-150.

16. Johar, N., Ahmad, I, & Dufresne, A. (2012). Extraction, preparation and
characterization of cellulose fibres and nanocrystals from rice husk. Industrial Crops
and Products, 37(1), 93-99.

17. Jiang, F., & Hsieh, Y. L. (2015). Cellulose nanocrystal isolation from tomato peels and

assembled nanofibers. Carbohydrate Polymers, 122, 60-68.

Volume: 2, Issue: 1, January 2024 253 P-ISSN: 2958-4612
Manuscript Code: 722B E-ISSN: 2959-5568



