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Preparation of Spherical Nanocellulose from Waste 
Tobacco Stem 
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Tobacco stems constitute a large amount of waste biomass generated 
during tobacco production, and their recycling is of great significance to 
the environment and the conservation of resources. In this study, an 
efficient, inexpensive, and less toxic strategy is reported for recycling 
waste tobacco stem, wherein the spherical tobacco stem nanocellulose 
(STsN) with a size of 10 to 100 nm was prepared from waste stems using 
a NaOH/urea/thiourea aqueous system. The morphology of STsN was 
characterized using scanning electron microscopy. The crystal structure 
of STsN was determined using X-ray diffractometry. The nanocellulose 
exhibited the crystal structure of cellulose II. Fourier-transform infrared 
spectra of the STsN indicated that STsN retained the typical chemical 
structure of cellulose. The thermal properties of STsN were investigated 
by thermogravimetry. It is concluded that the STsN had better thermal 
stability than cellulose. The product has potential for practical application 
with high thermal stability requirements, such as transistors and batteries. 
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INTRODUCTION 

During the production and manufacture of finished cigarette products, large 

amounts of tobacco waste are inevitably generated, as well as waste is produced in the re-

roasting process, such as broken tobacco dust and long stems (Banožić et al. 2020; Saleem 

et al. 2022). Statistics have shown that tobacco cultivation and cigarette manufacturing 

have generated up to 200 million tons of tobacco waste annually in recent years (Hoe et al. 

2022). Tobacco biomass mainly contains tobacco stem, tobacco shreds, and tobacco leaf 

fragments (Patskan and Reininghaus 2003; Jian et al. 2010). Among them, tobacco stems 

have a rich fiber content (up to 23%), which are higher than that of the leaf lamina. 

However, as a by-product of the tobacco production, more than 60% of tobacco stems are 

disposed of as garbage worldwide after the tobacco leaves are harvested (Chen et al. 2017; 

Yan et al. 2018; Zhang et al. 2019a), which leads to a considerable waste of natural plant 

resources and causes serious environmental pollution (Fan et al. 2022).  
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Nanocellulose has the potential for diverse applications because of its several 

exceptional properties, such as nanoscale effects, biodegradability, biocompatibility, high 

strength, and strong surface activity (Zhang et al. 2019b). Several studies have been 

published on the preparation of nanocellulose from various raw materials such as wood 

(Sirviö et al. 2020), cotton (Morais et al. 2013; Chen et al. 2014), bamboo (Razalli et al. 

2017;), straw (Kaushik and Singh 2011), agricultural waste (Cherian et al. 2011; Visakh et 

al. 2012; Faradilla et al. 2016), and recycled pulp (Sehaqui et al. 2016). Because the natural 

form of cellulose is fibrous, most studies have prepared rod-shaped and fibrous 

nanocellulose. However, compared to common fibrous and rod-shaped nanocellulose, 

spherical nanocellulose has additional properties because of its spherical morphology. For 

example, spherical nanocellulose of the same diameter typically has a larger specific 

surface area and a higher surface-functional-group density (Yu et al. 2017; Hafemann et 

al. 2019).  

Zhang et al. (2007) prepared spherical nanocellulose with sizes ranging from 60 to 

over 570 nm by pretreating cellulose with NaOH and DMSO, followed by treatment with 

mixed acids for 8 h. In 2018, the Chauhan team used the same method to prepare spherical 

nanocellulose, which was functionally modified to be used as naked-eye sensor, rapid 

adsorbent and antimicrobial agent. (Ram et al. 2018; Ram and Chauhan 2018). Yan et al. 

(2015) prepared spherical nanocellulose with particle size of 19 to 29 nm by one-step 

HCOOH/HCl hydrolysis of lyocell fibers with cellulose II crystal structure. This makes 

these nanospheres effective templates for synthesizing nanohybrids and high-

nanocomposite reinforcements (Yan et al. 2015). Ahmed-Haras et al. (2020) used a rapid 

single-step heterogeneous hydrolysis technique to prepare highly monodispersed spherical 

nanocrystalline cellulose (SNCC) with an average diameter of 36 nm. Increased resistance 

to thermal degradation was observed for SNCC compared to microcrystalline cellulose 

(MCC), producing a final residue with thrice higher resistance and a maximum 

decomposition temperature of 391 °C. As a result, the nanocellulosic materials prepared 

using the heterogeneous acid-catalyzed method exhibited improved crystallinity and 

morphological and thermal properties (Ahmed-Haras et al. 2020). Zhang et al. (2021) 

prepared spherical bamboo nanocellulose (SBN) with an average particle size of 61 nm 

from bamboo powder using a NaOH/urea/thiourea aqueous system. The SBN exhibited a 

cellulose II crystal structure. Creative SBN/Fe3O4 composite films were prepared. The 

results revealed that the dispersion of Fe3O4 nanoparticles in the SBN/Fe3O4 composite 

films was much better than that in the nanofibrillated cellulose (NFC)/Fe3O4 composite 

films, and the highest transmittance of the films was higher than that of the NFC/Fe3O4 

composite films with the same amount of Fe3O4 (Zhang et al. 2021). 

In this study, industrial waste was utilized to produce spherical nanocellulose. A 

practical and effective pretreatment method using sodium chlorite/glacial acetic acid to 

obtain bleached cellulose from waste tobacco stems as raw materials was proposed. The 

authors subsequently developed an efficient, inexpensive, and less toxic strategy to prepare 

spherical tobacco stem nanocellulose (STsN) via NaOH/thiourea/urea aqueous system. 

Finally, the STsN using Fourier-transform infrared (FTIR) spectroscopy, X-Ray 

Diffraction (XRD), scanning electron microscopy (SEM), transmission electron 

microscope (TEM), and thermo gravimetric (TG) was examined. 
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EXPERIMENTAL 
 

Materials 
Waste tobacco stems were collected as raw materials. NaOH, thiourea, and urea 

were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Sodium 

chlorite, glacial acetic acid, and anhydrous ethanol were purchased from the China 

National Pharmaceutical Group Chemical Reagent Co., Ltd. (Shanghai, China). All the 

chemicals were analytically unmixed and used without further purification. 

 

Pretreatment 

The raw material was crushed into a powder and cleaned with hot water at 80 °C 

for 60 min to remove water-soluble impurities. The bleaching treatment was conducted by 

combining 6 mL icy acetic acid and 9 g of sodium chlorite in 350 mL of water for 1 h at 

75 °C. This process was repeated 10 times until colored substances were removed. The 

samples were then cleaned with deionized water until the filtrate was neutral. Eventually, 

the bleached tobacco stem cellulose was successfully prepared. 

 

Preparation of STsN 

A 200 mL aqueous solution of 8 wt% NaOH, 8 wt% urea, and 6.5 wt% thiourea 

was pre-cooled to −10 °C. Subsequently, 2 g of bleached tobacco stem cellulose was 

dispersed into the solution, which was then vigorously stirred for 50 min. The insoluble 

fractions were separated by centrifugation at 11000 rpm for 20 min to obtain a translucent 

solution. Subsequently, 2000 mL deionized water was added dropwise to the transparent 

solution for 30 min and simultaneously slowly stirred until 100% of the cellulose was 

regenerated to obtain a thick white suspension. Deionized water was used to rinse the 

suspension several times until the pH reached 7. After cleaning, the suspension was 

sonicated at 600 W for 60 min, and the impurities were removed by centrifugation at 11000 

rpm for 20 min to obtain the STsN suspension. The STsN percentage yield was calculated 

from Eq. 1, using the pre-recorded values of the bleached tobacco stem cellulose mass 

initially dispersed into the solution (Wm) and the prepared STsN mass (Wn): 
 

 Percent Yield = 
𝑊n

𝑊m
 ×100                                                         (1) 

 
Methods 
 
X-ray diffraction (XRD) 

The XRD patterns were obtained using a Japan-Rigaku-SmartLab 9-kW 

diffractometer. The specimens were scanned stepwise over the operational range of the 

scattering angle, between 5° and 40°. The scanning speed was 5°/min. 

 

Degree of polymerization (DP) 

The average degree of polymerization was determined using Eq. 2 (Xiong et al. 

2012), 

DP0.905 = 0.75 [η]                          (2)  

where [η] is the intrinsic viscosity (cm3 g−1) of copper-ethylenediamine solution 

determined using ASTM D1795-13 (2013) (Pintiaux et al. 2019; Rosson and Byrne 2022). 

In brief, the dried sample was dissolved in a copper-ethylenediamine solution at 25 °C. The 
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term [η]c (where c is the cellulose concentration) of the solution was calculated using the 

efflux time of the sample solution, obtained using a Cannon-Fenske capillary viscometer, 

according to the ASTM D1795-13 (2013) standard. Subsequently, [η] was obtained. All 

experiments were performed in triplicate. 

 

Fourier transform infrared spectroscopy (FTIR) 

The FTIR data were collected using a Thermo Fisher Nicolet iS5 spectrometer 

(Thermo Fisher, Waltham, MA, USA). The samples were examined in transmission mode 

in the spectral range of 400 to 4000 cm−1. 

 

Scanning electron microscopy (SEM) analysis 

The SEM images of the bleached tobacco stem cellulose and STsN were captured 

using a Zeiss Gemini 300 microscope (Carl Zeiss, Jena, Germany). The STsN suspension 

was dried to obtain the STsN specimens. All samples were sputter-coated with platinum 

(Oxford Quorum SC7620, Quorum Technologies, East Sussex, UK). 

 

Transmission electron microscope (TEM) analysis 

The TEM images of STsN was performed using a Talos F200s microscope (Thermo 

Scientific, Waltham, USA). The STsN suspension was dried by depositing a droplet onto 

a film on a copper grid and subsequently observed using a 200 kV accelerating voltage. 

 

Thermo gravimetric (TG) analysis 

The thermo gravimetric (TG) analysis of the samples was measured using a TA 

SDT 650 (China) thermal analyzer under a nitrogen atmosphere, data were recorded from 

30 to 800 °C with a heating rate of 10 °C per min. 

 

 

RESULTS AND DISCUSSION 
 
Morphological Characterization 

As can be seen from a photograph of the raw materials in Fig. 1a, the crushed 

tobacco stems appeared as a dark-brown powder. After the pretreatment, the bleached 

tobacco stem cellulose appeared as a white powder (Fig. 1b). The DP of the bleached 

tobacco stem cellulose was 299. The SEM images of the bleached tobacco stem cellulose 

are presented in Fig. 1c. The material exhibited a lump structure, whose diameter was 

around 120 μm and mean length was approximately 285 μm. Figure 1d shows the STsN 

solution as a well dispersed suspension state, which is the typical morphology of 

nanoparticle suspensions. The micromorphology of STsN was characterized using SEM 

and TEM (Figs. 1e-1h). The images showed that STsN exhibited a three-dimensional 

spherical shape with a particle size of 10 to 100 nm. Thus, according to the SEM and TEM 

analysis, the spherical tobacco stem nanocellulose with nanoscale particle size were 

successfully prepared using a NaOH/thiourea/urea aqueous system. In addition, the yield 

of STsN obtained by this preparation process was calculated as 55.9%. 

Under low-temperature conditions, NaOH, urea, and thiourea are recognized to 

synergistically contribute to the dissolution process of cellulose (Jin et al. 2007). At low 

temperatures, the NaOH hydrate is more adept at disrupting the hydrogen bonds between 

cellulose chains (Zhang et al. 2010). Urea and thiourea hydrates can self-assemble on the 

surface of NaOH/cellulose complexes, forming relatively stable inclusion complexes, 
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thereby facilitating cellulose dissolution (Cai et al. 2008a). Complexes associated with 

cellulose chains, NaOH, urea, thiourea, and water clusters undergo bending into spherical 

shapes due to the disruption of intermolecular hydrogen bonds (Jiang et al. 2012). After 

cellulose dissolution, nanocellulose is regenerated by introducing deionized water into the 

cellulose solution. Upon water addition, the concentrations of sodium hydroxide, thiourea, 

and urea in the complexes decrease. Since water acts as a poor solvent for cellulose, 

cellulose chains aggregate and precipitate slightly, resulting in the formation of spherical 

nanocellulose (Cai et al. 2008b; Lou et al. 2015; Zhang et al. 2019b). 

 

 
 

Fig. 1. Photographs of tobacco stem powder (a), bleached tobacco stem cellulose (b), and STsN 
suspension (d). SEM images of bleached tobacco stem cellulose(c) and increasing-magnification 
STsN (e-g). TEM image of STsN (h). The amount of solids of STsN was diluted by 50X. 

 
Basic Structure Characterization of STsN 

The XRD analysis of the STsN was performed to investigate the crystal structure 

of the samples (Fig. 2).  

 

 
 

Fig. 2. XRD spectra of the bleached tobacco stem cellulose (the sample in the Fig.1c) and STsN 
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In the XRD spectrum of the bleached tobacco stem cellulose, the peaks at 15.0°, 

16.7°, 22.2°, and 34.6° correspond to the Miller indices of (1–10), (110), (200), and (004), 

respectively, and reveal a typical cellulose I crystal structure (French 2014). The XRD 

spectrum of STsN exhibited three diffraction peaks, located at 11.9°, 20.4°, and 21.7°. The 

three main peaks in the XRD spectra of STsN had Miller indices of (1–10), (110), and 

(020). This is a typical feature of the crystal structure of cellulose II (French 2014), and is 

common in regenerated cellulose (Zhang et al. 2021, 2023).  

Figure 3 shows the FTIR spectra of the bleached tobacco stem cellulose and STsN. 

The FTIR spectrum of the bleached tobacco stem cellulose showed typical peak levels of 

cellulose I. The peaks from 3700 to 3100 cm−1 were attributed to the fundamental modes 

of O–H, which are dependent on the carbohydrates and vibrations of the hydrogen-bonded 

hydroxyl groups (Alemdar and Sain 2008). The peaks at 2914, 1632, and 895 cm-1 are 

attributed to the C–H stretching vibration, the C–C stretching band, and the glycosidic 

stretchy bond, respectively (Coleman et al. 1988; Yang et al. 2007; Trache et al. 2014). 

The peaks at 1160 cm-1 and 1020 cm-1 are due to the C–O stretching of secondary hydroxyl 

and primary hydroxyl (Huang et al. 2017). These demonstrated that the bleached tobacco 

stem cellulose was successfully extracted from waste tobacco stems. 

Although the FTIR spectrum of STsN is similar to those of the bleached tobacco 

stem cellulose, maintaining typical cellulose characteristic peaks, it exhibits significant 

differences. The strong peak at 1428 cm-1 assigned to CH2 scissoring motion in cellulose 

became weakened and shifted to 1420 cm-1 in STsN. This indicates the structural change 

in the conformation of CH2OH at C6 position from trans-gauche (tg) to gauche-trans (gt), 

which confirms the change of crystal structure from cellulose I to cellulose II (Ruan et al. 

2004; Zhang et al. 2009). This is consistent with the results of the XRD analysis. 

 

 
 

Fig. 3. FTIR spectra of the bleached tobacco stem cellulose and STsN 
 

Thermal Properties of STsN 
The TG analysis results of the bleached tobacco stem cellulose and STsN are shown 

in Fig. 4. The initial decomposition temperature (IDT) of the STsN was 257 °C, which was 

higher than that of bleached tobacco stem cellulose (234 °C). This revealed that the thermal 

stability of the STsN was better than that of bleached tobacco stem cellulose, which was 

caused by the cellulose II crystal structure of STsN. Due to the different orientation of the 
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cellulose chains and hydrogen bonding patterns in cellulose I and cellulose II, cellulose II 

is generally more thermally stable than cellulose I (Adsul et al. 2012).  

 

 
 

Fig. 4. The TG curves of the bleached tobacco stem cellulose and STsN 
 
 

CONCLUSIONS 
 

1. In this study, spherical tobacco stem nanoparticles (STsNs) were prepared from waste 

tobacco stems using a NaOH/thiourea/urea aqueous system. The morphology of the 

nanocellulose was investigated using scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM). The images showed a clear three-

dimensional spherical shape with a particle size of 10 to 100 nm.  

2. Both X-ray diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy 

examined the basic crystal structure and chemical structure of STsN. Sharp diffraction 

peaks occurred at 11.9°, 20.4°, and 21.7°, all of which were consistent with a cellulose 

II crystal structure. The FTIR spectra of STsN were collected, which further confirmed 

the transformation of cellulose I to cellulose II during dissolution, and the STsN 

maintained the typical chemical structure of cellulose. 

3. The thermogravimetric (TG) results showed that the IDT of the STsN was 

approximately 257 °C higher than that of bleached tobacco stem cellulose. This 

indicates that STsN exhibits better thermal stability and has potential for practical 

applications with high thermal stability requirements. 
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