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Abstract 

The increasing demand for sustainable materials has driven research into the 

extraction of cellulose nanomaterials (CNMs) from renewable and waste sources. This 

study explored the production of cellulose nanomaterials from waste newspapers, an 

abundant and underutilized cellulose-rich resource. The process involved the 

sequential steps of chemical pretreatment, mechanical disintegration, and purification 

to isolate cellulose nanofibers (CNFs) and cellulose nanocrystals (CNCs). The 

extracted nanomaterials were characterized using scanning electron microscopy 

(SEM), Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and 

thermogravimetric analysis (TGA).  

Introduction 

The global demand for sustainable and renewable materials has intensified in 

recent years due to environmental concerns and the depletion of fossil resources. 

Cellulose, the most abundant biopolymer on Earth, has emerged as a promising 

candidate for the development of advanced materials. Cellulose nanomaterials 
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(CNMs), including cellulose nanofibers (CNFs) and cellulose nanocrystals (CNCs), 

have garnered significant attention due to their exceptional mechanical properties, 

biodegradability, and potential applications in nanocomposites, packaging, biomedical 

devices, and energy storage. 

Waste newspapers, a cellulose-rich material, represent an underutilized resource 

that is often discarded or recycled into low-value products. The annual production of 

waste paper exceeds millions of tons globally, creating a significant environmental 

burden. However, the high cellulose content and low lignin content of newspapers 

make them an attractive feedstock for CNM production. This study aimed to explore 

the feasibility of extracting CNMs from waste newspapers and to evaluate their 

structural, thermal, and morphological properties. 

The conversion of waste newspapers into CNMs not only addresses the issue of 

waste management but also provides a sustainable alternative to conventional CNM 

production methods, which typically rely on wood pulp or agricultural residues. By 

valorizing waste newspapers, this research contributes to the circular economy and 

promotes the development of eco-friendly materials. 

Methods and Methodology 

1. Materials 

Waste newspapers were collected from local recycling centers. Sodium 

hydroxide (NaOH), acetic acid, and sulfuric acid (H2SO4) were purchased from 

Sigma-Aldrich and used without further purification. Deionized water was used 

throughout the experiments. 

2. Pretreatment of Waste Newspapers 

The waste newspapers were first cut into small pieces and soaked in deionized 

water for 24 hours to remove inks and other water-soluble impurities. The soaked 

papers were then washed thoroughly and dried at 60°C in an oven. The dried papers 

were subjected to alkali treatment using a 5% NaOH solution at 80°C for 2 hours to 

remove hemicellulose and residual lignin. After alkali treatment, the samples were 

neutralized with acetic acid and washed repeatedly with deionized water until a neutral 

pH was achieved. 
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3. Mechanical Disintegration 

The pretreated cellulose fibers were dispersed in deionized water and subjected 

to mechanical disintegration using a high-speed blender. The resulting slurry was 

passed through a high-pressure homogenizer at 1,000 bar for 10 cycles to obtain a 

stable suspension of cellulose nanofibers (CNFs). 

4. Acid Hydrolysis for CNC Extraction 

To extract cellulose nanocrystals (CNCs), the pretreated cellulose fibers were 

subjected to acid hydrolysis using 64% sulfuric acid at 45°C for 45 minutes under 

constant stirring. The reaction was quenched by adding excess deionized water, and 

the suspension was centrifuged at 10,000 rpm for 10 minutes to separate the CNCs. 

The supernatant was dialyzed against deionized water for 3 days to remove residual 

acid, and the final CNC suspension was sonicated for 10 minutes to ensure 

homogeneity. 

5. Characterization 

The extracted CNMs were characterized using various analytical techniques. 

Scanning electron microscopy (SEM) was used to examine the morphology of the 

CNFs and CNCs. Fourier-transform infrared spectroscopy (FTIR) was employed to 

analyze the chemical structure and confirm the removal of lignin and hemicellulose. 

X-ray diffraction (XRD) was used to determine the crystallinity index of the CNMs, 

and thermogravimetric analysis (TGA) was conducted to evaluate their thermal 

stability. 

Results and Discussion 

1. Morphological Analysis 

SEM images revealed that the extracted CNFs exhibited a fibrous and 

interconnected network structure, with diameters ranging from 20 to 50 nm. The CNCs, 

on the other hand, displayed a rod-like morphology with lengths of 100 200 nm and 

diameters of 10 20 nm. The mechanical disintegration process effectively reduced the 

fiber dimensions to the nanoscale, while acid hydrolysis produced highly crystalline 

CNCs. 
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2. Chemical Structure 

FTIR spectra confirmed the successful removal of lignin and hemicellulose 

during the pretreatment process. The characteristic peaks associated with cellulose, 

such as the O- -O-C stretching vibration 

absence of lignin-

of the alkali treatment. 

3. Crystallinity 

XRD analysis revealed that the crystallinity index of the CNFs was 65%, while 

that of the CNCs was 75%. The higher crystallinity of the CNCs was attributed to the 

selective removal of amorphous regions during acid hydrolysis. The diffraction peaks 

6° corresponded to the typical cellulose I crystal structure, 

indicating that the crystalline integrity of the cellulose was preserved during the 

extraction process. 

4. Thermal Stability 

TGA results demonstrated that the CNFs and CNCs exhibited excellent thermal 

stability, with decomposition temperatures of 320°C and 340°C, respectively. The 

higher thermal stability of the CNCs was consistent with their higher crystallinity. The 

thermal degradation profiles indicated that the extracted CNMs are suitable for  

applications requiring thermal resistance. 

Conclusion 

This study demonstrated the successful extraction of cellulose nanomaterials 

(CNFs and CNCs) from waste newspapers. The chemical pretreatment and mechanical 

disintegration processes effectively isolated cellulose nanofibers, while acid hydrolysis 

produced highly crystalline cellulose nanocrystals. The extracted CNMs exhibited 

excellent morphological, structural, and thermal properties, making them suitable for 

a wide range of industrial applications. 

The utilization of waste newspapers as a feedstock for CNM production not only 

provides a sustainable alternative to conventional sources but also contributes to waste 

valorization and environmental sustainability. Future research should focus on 
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optimizing the extraction process and exploring the potential applications of the 

extracted CNMs in nanocomposites, packaging, and biomedical fields. 
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