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ABSTRACT
Cellulose dissolution is important for various industries, including textiles, bioplastics, foods and pharmaceuticals, yet achieving 
efficient dissolution remains challenging. Deep eutectic solvents (DES) have emerged as promising alternatives to traditional 
solvents due to their low toxicity, biodegradability and sustainability. This review critically examines recent mechanistic interac-
tions between cellulose and different solvents, focusing on the green solvent known as DES, aiming to enhance industrial appli-
cations. It begins by discussing the possible conversion of cellulose nanocrystals from their different sources and the limitations 
of conventional solvents in dissolving cellulose. It then explores the interactions between cellulose and DES components, ex-
plaining the mechanisms that facilitate cellulose dissolution. This study focuses on the trends of DES and their role in dissolving 
cellulose. Bibliometric methods were employed to analyze these trends, along with identifying current research gaps, challenges 
and their dissolution in DES, thereby contributing to the creation of cost-effective industrial processes. Additionally, it outlines 
opportunities for further research and innovation in this field.

1   |   Introduction

Cellulose, the most abundant and widely utilized natural 
polymer on Earth, is an important resource for textiles, phar-
maceuticals, packaging, biofuels, bioplastics and renewable 
energy applications [1]. It is essential to different industries 
due to its structural properties and adaptability [2]. Cellulose 
can be derived from three main sources: plants, microbes 
and animals [3]. The paper and pulp industries primarily uti-
lize wood-derived cellulose, which constitutes 40%–50% of 
the lignocellulosic biomass composition [4]. Plant-based cel-
lulose is found in cotton, hemp, jute and other plant fibres. 
Cotton, for instance, contains nearly pure cellulose, making it 
an ideal material for textile production, while hemp and jute 

are utilized in the production of ropes, carpets and biodegrad-
able plastics [5]. Its unique properties, such as biodegradabil-
ity, renewability, mechanical stability and biocompatibility, 
have given rise to immense scientific interest in developing 
advanced methodologies for its sustainable and efficient utili-
zation [6]. Structurally, cellulose is a linear polysaccharide of 
β-1,4-linked glucose units held together by extensive intra- and 
intermolecular hydrogen bonds [7], forming a rigid, extended 
polymer network whose remarkable tensile strength and insol-
ubility in water and common organic solvents are dictated by 
this complex hydrogen-bonding network [8]. While the crys-
talline regions of cellulose impart mechanical strength, the 
amorphous domains cover reactivity and solubility [9]. These 
various characteristics make cellulose resistant to dissolution, 
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thereby hindering its conversion into value-added materials 
and biofuels. Conventional dissolution techniques, such as the 
use of concentrated sulphuric acid and N-methylmorpholine-
N-oxide (NMMO) [10], though effective, are environmentally 
damaging, energy-intensive and toxic; generate hazardous 
waste; and impose significant economic and ecological costs. 
As industrial sectors worldwide seek renewable alternatives 
to petrochemical feedstocks, the efficient, clean and scalable 
dissolution of cellulose has become an immediate priority and 
technological imperative with far-reaching implications for 
climate change mitigation, sustainable manufacturing and 
energy security [11–13]. Biodegradability, renewability, sta-
bility and biocompatibility are remarkable features that have 
increased considerable interest in exploring novel methodol-
ogies for efficient utilization [14–16]. Table 1 provides a sum-
mary of the extraction methodologies for obtaining cellulose 
nanocrystals (CNCs) from a variety of sources. It compares 
the processes by stating the raw materials, chemicals used for 
purification and hydrolysis, fundamental methods employed 
(acid hydrolysis and enzymatic treatment) and the reaction 
conditions. This information in the table allows for a direct 
comparison of how different experimental parameters influ-
ence the success of the extraction process and the final yield 
of CNCs obtained.

Due to its linear configuration and complex hydrogen-bonding 
structure, cellulose dissolution in conventional solvents is lim-
ited, which has caused some modification, such as esterifica-
tion, etherification, and silylation, as shown in Figure  1 [47]. 
The essential characteristics of cellulose, such as its high tensile 
strength and resistance to water dissolution and other common 
organic solvents, are caused by the hydrogen bond network 
present [48]. Traditional nonaqueous solvents, like NMMO, are 
effective but can be energy-intensive [49]. Pretreatment meth-
ods like ultrasonication can enhance this process by physically 
modifying the cellulose, reducing its crystallinity and molec-
ular weight while increasing its specific surface area and pore 
volume, thereby facilitating more uniform solvent penetration 
and faster dissolution [50]. The dissolution mechanism in NaOH 
is temperature-dependent, where low temperatures increase 
pH and reduce hydrophobic interactions, promoting ioniza-
tion of cellulose hydroxyl groups [51]. All-cellulose composites 
(ACCs) use a NaOH solvent system combined with a freezing 
step, showing that a concentration of 8%–12% NaOH enhances 
dissolution through fibre welding; the efficacy of NaOH can be 
hindered by factors like high-pressure CO2 (HPCD), combined 
with acid, which can disrupt hydrogen-bonding networks, mak-
ing cellulose more amenable to solvents like NaOH/urea/water; 
thereby improving dissolution [52].

The dissolution mechanism in ILs, such as 
1-ethyl-3-methylimidazolium acetate ([EMIm][OAc]) mixed 
with dimethyl sulfoxide (DMSO), involves complex solute–sol-
vent interactions. Molecular dynamics simulations reveal that 
dissolution rates are influenced by external factors like pressure, 
with high pressure decreasing the solvent's diffusion rate and 
strengthening cellulose–cellulose interactions, leading to disso-
lution [53]. Studies on amino acid-based ILs (AAILs) indicate 
that cellulose solubility is primarily governed by the solvent's 
Lewis acidity (SA) and basicity (SB), with higher basicity (strong 
hydrogen bond acceptance) promoting dissolution, except when 

hindered by the anion's large molecular volume or intramo-
lecular hydrogen bonding [54]. ILs, novel phosphonate-based 
ILs have been synthesized and shown to dissolve cellulose at 
moderate temperatures, with their regeneration behaviour and 
hydrogen-bonding strength, calculated by density functional 
theory, providing a roadmap for their application in spinning 
processes [55]. Similarly, new green solvent systems combining 
tetraethylammonium hydroxide with imidazole compounds 
demonstrate high solubility for cellulose of varying degrees 
of polymerization, where the imidazole acts by reducing crys-
tallinity and weakening intersheet forces without destroying 
hydrogen bonds, thus facilitating the action of the hydroxide 
ions [56].

In the quaternary ammonium/imidazole system, high tempera-
tures required for dissolving high-degree-of-polymerization 
cellulose cause significant depolymerization [57]. Similarly, in 
phosphonate-based ILs, molecular weight analysis shows that 
degradation is a function of both time and temperature, neces-
sitating a careful balance to achieve dissolution without com-
promising the material properties of the regenerated cellulose 
[58]. Laboratory studies have demonstrated promising dissolu-
tion efficiencies, and moving to industrial processes requires 
overcoming challenges in solvent recovery, recyclability, mass 
transfer limitations and compatibility with downstream appli-
cations such as fibre spinning, composite fabrication and bio-
fuel production. Addressing these gaps is necessary, given the 
increasing global demand for sustainable polymers and the high 
environmental pressures to phase out toxic, resource-intensive 
technologies.

This review addresses this by presenting a comprehensive study 
of cellulose dissolution in solvents and integrating perspectives 
from chemistry, materials science and process engineering. This 
was done by (1) studying the sources, modifications, dissolu-
tions and applications of cellulose in industries; (2) analysing the 
bibliometric data of current findings of cellulose dissolution in 
solvents; (3) the fundamental principles governing deep eutectic 
solvents (DES) as solvents for cellulose dissolution were exam-
ined, focusing on their unique solvent–solute interactions and 
their ability to disrupt the hydrogen-bonding network within 
cellulose; and (4) the current challenges and prospects for DES 
and cellulose dissolved in DES were proposed. In light of this, 
the present review not only synthesizes state-of-the-art knowl-
edge but also proposes a way to bridge fundamental gaps, design 
scalable and green processes and align cellulose dissolution sci-
ence with the global mandate for sustainable development.

2   |   Bibliometrics on Cellulose Dissolution and 
Modification in General Solvents

Recently, bibliometrics has been recognized as a valuable 
method for predicting and analyzing research needs and fu-
ture trends [59]. Keyword analysis uses co-occurring keywords 
in the literature set to ascertain the connections among topics 
in the represented research field. The change and frequency of 
keywords over time can reflect the hotspots and transitions of 
the research field and capture the research's main points. The 
keyword search analysis (‘cellulose dissolution’ OR ‘cellulose 
modification’ OR ‘cellulose solubility’ OR ‘cellulose applications 
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in industries’) was used in Scopus from 2000 to 2024, showing 
950 published articles.

The keyword co-occurrence analysis generated by VOSViewer, 
with a threshold of five keywords for a minimum number of 
occurrences of a particular keyword, shows that 718 keywords 
meet this threshold. The pie chart and the histogram graph 
show different subject areas and territories that were obtained 
from Scopus. According to Figure  2a, based on keyword co-
occurrence analysis, the global geographic distribution and co-
operative network relationship of research results from 2000 to 
2024 were further grouped in a pie chart (Figure 2b) according 
to the subject areas where these words are frequently applied; 
material science, chemistry, chemical engineering, environ-
mental science and engineering were seen to use these words 
frequently. The top five countries in terms of publications were 
China, the United States, Germany, Finland and Sweden. The 

National Natural Science Foundation of China was the largest 
funding agency with 161 studies in the Scopus core collection. 
Figure 2c shows the documents per area and territories.

These keywords highlight crucial trends in cellulose dissolu-
tion research, which have been categorized into seven distinct 
clusters as shown in Table  2. Cluster 1 emphasizes cellulose, 
a naturally abundant, renewable and biodegradable polymer, 
making it a promising candidate for environmentally friendly 
packaging materials [60]. Also concerning plastic pollution, 
cellulose-based packaging offers a sustainable alternative due to 
its biodegradability and capacity to be sourced from renewable 
biomass [61]. Cellulose can be processed into films, coatings 
and composites with strong mechanical properties, flexibility 
and oxygen barriers, and recent modifications have improved its 
hydrophobicity and strength for food packaging [62]. Moreover, 
cellulose-based packaging can be combined with antimicrobial 

FIGURE 1    |    Sources, structure, modification and application of cellulose.
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agents to prolong shelf life [63], further expanding its use in the 
food industry. Using cellulose in packaging not only reduces 
dependency on petroleum-based plastics but also helps to mini-
mize environmental impacts due to its ability to degrade in nat-
ural environments without leaving harmful residues.

At Cluster 2, the chemical modification of cellulose was seen to 
enhance its properties and enable its use in advanced applica-
tions, such as biomedicine, textiles and environmental sustain-
ability [64]. Through processes like etherification, esterification 

and oxidation, the surface properties, solubility and mechanical 
strength of cellulose can be improved [65]. Modified cellulose 
can be tailored for specific uses, such as in drug delivery systems, 
where functional groups are introduced to control drug release 
[66]. In textile engineering, cellulose modifications enhance 
dyeability, water resistance and antimicrobial properties, while 
in environmental applications, modified cellulose is applied 
in pollutant adsorption and water purification [67]. Moreover, 
cellulose derivatives are increasingly used in electronics, where 
their conductivity and flexibility make them suitable for flexible 

FIGURE 2    |    Bibliometric analysis on the topics of cellulose dissolution/modification (a) co-occurrence analysis from frequent keywords from 
VOSViewer (b) documents by subject areas (c) documents per area/territories.
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screens and sensors [68]. By modifying its molecular structure, 
cellulose becomes a versatile material that aligns with the prin-
ciples of green chemistry, offering eco-friendly solutions across 
various industries.

Cluster 3, the molecular simulations provide valuable insights 
into the behaviour of hydrogen bonds within cellulose, partic-
ularly their role in its solubility and mechanical properties [69]. 
Hydrogen bonds between cellulose chains contribute to the 
material's high crystallinity and stability, making dissolution 
difficult. Simulating hydrogen bond interactions in different 
solvents allows researchers to predict how cellulose interacts 
with various chemical environments [70]. These simulations 
can help identify optimal solvents that break hydrogen bonds 
more effectively, facilitating cellulose dissolution without com-
promising its structure. Understanding the dynamics of hydro-
gen bonding through molecular simulations can also explain 
the mechanisms behind cellulose chain disentanglement and 
decrystallization [71]. Such insights are critical for improving 
cellulose processing techniques, enabling more efficient produc-
tion of regenerated cellulose fibres, films and composites for in-
dustrial applications. These simulations aid in designing better 
solvents, thereby enhancing cellulose's usability in sustainable, 
high-performance materials.

Cluster 4 shows that the use of DES in cellulose pretreat-
ment has emerged as a sustainable alternative to conventional 
methods, which have high potential in biomass processing 

[72], offering lower toxicity and improved environmental pro-
files  [73]. Optimization of this pretreatment process involves 
adjusting solvent compositions and conditions to maximize cel-
lulose dissolution, decrystallization and further utilization in 
applications such as biofuels, biocomposites and biodegradable 
materials [74, 75]. DES, formed by combining a hydrogen bond 
donor (HBD) and a hydrogen bond acceptor (HBA), can disrupt 
the hydrogen bonds in cellulose, enhancing its solubility and 
reactivity. By fine-tuning the DES components, such as choline 
chloride and glycerol, researchers can improve the efficiency of 
cellulose dissolution while maintaining the solvent's low envi-
ronmental impact [76]. Optimization studies also explore the 
influence of temperature, reaction time and solvent-to-cellulose 
ratio to achieve the best performance [77, 78]. The goal is to de-
velop an eco-friendly and efficient method for processing cel-
lulose into valuable materials while minimizing the solvent's 
toxicity and its environmental footprint.

Cluster 5 emphasized the importance of the stability of synthe-
sized catalysts or solvents during cellulose dissolution, which 
is seen as crucial for improving the efficiency of cellulose pro-
cessing for various industrial applications [79]. Green solvents 
such as ionic liquids and DES have gained attention recently 
due to their ability to dissolve cellulose under mild conditions. 
However, maintaining the stability of these solvents and pre-
venting degradation during the dissolution process is essential 
to ensure reproducibility and cost-effectiveness [80]. Studies on 
catalyst stability in cellulose dissolution focus on understanding 

TABLE 2    |    Summary of coword analysis on cellulose modification/dissolution.

Cluster color
Number of 
keywords Cluster labels Representative keywords

1–  Red 246 Cellulose as a biodegradable 
packaging material

Absorption, biodegradable, biomaterial, 
cellulose modification, etherification 

and packaging materials

2–  Green 134 Modified cellulose for advanced applications Bleaching, cellulose dissolution, 
crystalline materials, dissolution 
process and regenerated cellulose

3–  Blue 128 Molecular simulations of 
hydrogen bonds in cellulose

Hydrogen bonds, molecular 
simulations, nuclear magnetic 

resonance, solubility and solvents

4–  Indigo 107 Optimization of cellulose 
pretreatment in DES

Cellulose pretreatment, chemical 
compositions, chemical reaction, 
chemical structure, deep eutectic 

solvent, optimization, toxicity 
and sustainable chemistry

5–  Purple 68 Stability of the synthesized process 
in cellulose dissolution

Catalyst, carbohydrate, cellulose hydrolysis, 
green solvents, synthesized, stability, 
substitution reaction and valorization

6–  Light blue 19 Mechanism and kinetics of cellulose chain 
disentanglement and decrystallization

Cellulose chain, cellulose fibres, cellulose 
solubility, cellulosic fibres, chain 

disentanglement, decrystallization, 
mechanism and kinetics

7–  Orange 16 Flow kinetics and agglomeration 
in the chemical industry

Agglomeration, chemical industry, 
flow kinetics, light scattering, x-ray 

scattering and x-ray diffraction
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the chemical interactions between cellulose and the solvent, as 
well as the role of temperature and reaction time in preserving 
solvent efficiency [81, 82]. The goal is to achieve a sustainable 
and stable dissolution process that can be applied to produce re-
generated cellulose products, such as fibres and films. Ensuring 
the stability of these systems not only enhances the dissolution 
process but also extends the potential applications of cellulose in 
various industries.

Cluster 6 shows the disentanglement and decrystallization of 
cellulose chains, which are critical steps in the dissolution pro-
cess, directly influencing the production of regenerated cellu-
lose materials [83]. The mechanism of cellulose dissolution 
involves the disruption of intermolecular hydrogen bonds, lead-
ing to the unraveling of tightly packed crystalline regions [84]. 
By understanding the kinetics of this process, researchers can 
identify the conditions that optimize cellulose dissolution in sol-
vents like DES or ionic liquids [85]. The rate at which cellulose 
chains disentangle depends on factors such as solvent concen-
tration, temperature and time [86]. Decrystallization is essential 
for transforming highly ordered cellulose into an amorphous 
form, which is more easily processed into fibres, films or bio-
composites [87, 88]. Investigating the mechanism and kinetics of 
these phenomena provides valuable information for improving 
the efficiency and scalability of cellulose processing techniques 
for various industrial applications, including textiles, packaging 
and biomedical products [89].

Cluster 7 brought the chemical industry into understanding 
that the flow of kinetics and the aggregation of particles during 
processes such as crystallization, drying or mixing is essen-
tial for optimizing production efficiency and product quality. 
Agglomeration refers to the clustering of fine particles, which 
can affect the flow properties of materials and the uniformity 
of chemical reactions [90]. Techniques like light scattering and 
XRD provide valuable data on particle size distribution and 
structural properties, helping to monitor and control agglomer-
ation during processing [91]. Light scattering allows real-time 
observation of particle behaviour in suspension [92], while XRD 
provides insights into crystalline structure and phase changes 
during agglomeration. By analyzing flow kinetics and agglom-
eration, researchers can develop strategies to improve material 
handling, reduce processing costs and enhance the performance 
of products in industries such as pharmaceuticals, food process-
ing and materials engineering. Understanding these dynamics 
is critical for designing more efficient and reliable chemical 
processes [93]. Hence, the results of the bibliometric analysis 
provided a foundation for better predicting future research and 
understanding the current state of research on cellulose disso-
lution, as it tends towards utilizing DESs and will be useful for 
future researchers in related research areas.

3   |   Cellulose Dissolution in Conventional Solvents 
and the DES

The dissolution of cellulose in different solvents is an area with 
significant implications for various industrial applications, rang-
ing from producing textiles to developing biodegradable materi-
als [94]. Cellulose has an extensive hydrogen-bonding network, 
making it insoluble in water and most common organic solvents, 

necessitating specialized solvents for its dissolution [95]. 
Traditional solvents for dissolving cellulose include phosphoric 
acid-based solvents, LiCl-based solvents, N-methylmorpholine 
N-oxide/water, ionic liquids and NaOH–water solutions. These 
have been extensively used due to their ability to disrupt the 
hydrogen-bonding network in cellulose, facilitating its dissolu-
tion [48]. DMAc/LiCl, for instance, is highly effective in dissolv-
ing cellulose, allowing for subsequent chemical modifications 
and processing into fibres and films [96] as shown in Figure 3. 
However, these solvents pose significant environmental and 
safety concerns, including toxicity, flammability, solvent recov-
ery and recycling difficulties. In recent years, the development 
of ionic liquids (ILs) has provided a promising alternative for 
cellulose dissolution. Ionic liquids, salts in the liquid state at 
relatively low temperatures, exhibit unique properties such as 
low vapour pressure, high thermal stability and the ability to 
dissolve a wide range of substances, including cellulose [97]. ILs 
such as 1-butyl-3-methylimidazolium chloride ([Bmim]Cl) have 
shown remarkable efficacy in dissolving cellulose, enabling ho-
mogeneous chemical modifications and the production of high-
performance materials [98].

Cellulose exhibits both crystalline and amorphous regions, a 
property that significantly influences its physical and chem-
ical behaviour. The crystalline regions are highly ordered, re-
sulting from the regular arrangement of cellulose chains and 
extensive hydrogen bonding [99]. These regions contribute to 
cellulose mechanical strength and resistance to enzymatic and 
chemical degradation, while the amorphous regions are less or-
dered, allowing for some flexibility and accessibility to chemical 
reagents [100]. The degree of crystallinity can vary depending 
on the source of cellulose and its processing methods, affecting 
properties such as solubility, reactivity and mechanical strength 
[101]. Techniques like XRD are often used to analyze the crys-
talline structure of cellulose, which provides insights into the 
arrangement and proportion of crystalline versus amorphous 
regions [102]. One of the major challenges in processing cellu-
lose is its resistance to solubilization due to the strong hydro-
gen bonding in its crystalline regions. This resistance has led 
to a growing interest in innovative solvents, particularly DESs, 
which offer a promising solution for cellulose dissolution. DESs 
are emerging as environmentally friendly, tunable solvents ca-
pable of breaking down the hydrogen bonds in cellulose, thereby 
facilitating its dissolution without the need for harsh chemicals 
or extreme conditions. The use of DESs enables a more efficient 
and sustainable approach to processing cellulose, as they are 
often biodegradable, non-toxic and derived from renewable re-
sources [103].

The dissolution of cellulose in DES follows a mechanism driven 
by the unique hydrogen-bonding network of the solvent. The 
process initiates with the penetration of the DES into the amor-
phous regions of the cellulose fibril, where the less-ordered 
polymer chains are more accessible. The dissolution is primarily 
facilitated by the synergistic action of the two components of the 
DES, the HBA, typically a quaternary ammonium salt like cho-
line chloride, and the HBD, such as urea, glycerol or a carboxylic 
acid [104]. The HBA (the chloride anion, Cl⁻) is the nucleophile, 
attacking and breaking the extensive intra- and intermolecular 
hydrogen bonds between the hydroxyl groups (-OH) of adjacent 
cellulose chains. Also, the HBD donates protons to form new 
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FIGURE 3    |    (a) Modifications of cellulose in solvents, (b) molecular structure of cellulose highlighting intermolecular hydrogen bonding, (c) cel-
lulose intermolecular chains and (d) interaction mechanism between cellulose and DES.
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hydrogen bonds with the oxygen atoms of the cellulose gluco-
pyranose rings. This dual action effectively helps the hydroxyl 
groups of cellulose, preventing the reformation of the native 
hydrogen-bonding network and stabilizing the individual cel-
lulose chains in solution [105], leading to the disruption of the 
rigid crystalline structure resulting in the swelling of the fibril 
and the eventual separation of the polymer chains into a homo-
geneous solution, where the cellulose is molecularly dispersed 
and shielded by the DES components.

The functional groups in cellulose, particularly the hydroxyl 
groups, play a pivotal role in its reactivity and potential for 
chemical modification. These hydroxyl groups can contribute to 
various chemical reactions, which produce cellulose derivatives 
with tailored properties. For instance, cellulose acetate, made 
by acetylation of the hydroxyl groups, is used to manufacture 
textiles and photographic films [106]. Carboxymethyl cellulose, 
another derivative, is widely used as a thickening agent in food 
and pharmaceuticals [107]. However, the effectiveness of these 
modifications often depends on the accessibility of the hydroxyl 
groups, which is greatly enhanced by the dissolution of cellu-
lose in a green solvent known as DESs [108], which is mild, en-
vironmentally friendly and highly biodegradable. Dissolving 
cellulose in DESs, as shown in Okwuwa et al. [82, 146] study, 
not only increases the availability of these functional groups 
for chemical modification but also enables the development of 
novel cellulose-based materials [82]. Biosynthetically, cellulose 
is produced by cellulose synthase enzymes located in the plasma 
membrane of plant cells. These enzymes polymerize glucose 
units into long cellulose chains, which are then extruded outside 
the cell membrane, where they aggregate to form microfibrils 
[109]. While this natural process is critical for plant growth and 
structural integrity, it also presents an opportunity for biotech-
nological applications. Dissolving cellulose in DESs provides a 
pathway to change its structure for specific uses, such as produc-
ing cellulose with enhanced mechanical or thermal properties 
for high-performance materials. Table 3 shows the comparison 
between the conventional solvents and the DES.

Advanced analytical techniques play a crucial role in elucidat-
ing the molecular structure of cellulose before and after dissolu-
tion in DES. FTIR and NMR spectroscopy are commonly used 
to identify the functional groups and understand the chemical 
environment within cellulose [121]. FTIR provides information 
on the vibrational modes of chemical bonds, revealing details 
about the hydroxyl groups and other functional groups present 
in cellulose. NMR spectroscopy offers insights into cellulose's 
molecular dynamics and interactions, allowing for detailed 
structural analysis [122]. Additionally, techniques like XRD and 
electron microscopy provide information on cellulose fibres' 
crystalline structure and morphological characteristics, further 
enhancing our understanding of their molecular architecture 
[123]. Computational modelling and molecular dynamics sim-
ulations have also become invaluable tools for studying cellu-
lose at the molecular level. These methods allow researchers 
to predict the behaviour of cellulose molecules under different 
conditions, providing insights into their interactions, mechani-
cal properties and reactivity [124]. By combining experimental 
data with computational models, scientists can better under-
stand cellulose's molecular structure and its implications for 
various applications [125]. The molecular structure of cellulose 

is also significant in its role in sustainable and green chemistry. 
As a renewable and biodegradable polymer, cellulose offers an 
environmentally friendly alternative to synthetic polymers de-
rived from fossil fuels [126]. Its chemical versatility allows for 
the development of a wide range of materials and products, from 
biodegradable plastics to biofuels and pharmaceuticals [127]. By 
leveraging our understanding of cellulose's molecular structure, 
researchers can design processes and products that minimize 
environmental impact and contribute to a more sustainable 
future [128]. The tunability of ILs, achieved by modifying the 
cation and anion components, allows for the optimization of 
their solubility and reactivity with cellulose [129]. Despite these 
advantages, the high cost of ILs and the challenges associated 
with their recovery and recycling have limited their widespread 
adoption in industrial processes [130].

This has led to another innovative class of solvents that has 
gained attention for cellulose dissolution, which is known as the 
DES, and has demonstrated excellent capability in dissolving 
cellulose under mild conditions, offering an environmentally 
friendly and cost-effective alternative to traditional solvents and 
ILs [131]. The biodegradability, low toxicity and potential for re-
cycling of DES further enhance their appeal as sustainable sol-
vents for cellulose processing.

Water-based solvent systems, such as aqueous sodium hydrox-
ide (NaOH) and cuprammonium solutions, have also been ex-
plored for cellulose dissolution [132]. These systems capitalize 
on the ability of certain alkali or complexation agents to disrupt 
the hydrogen-bonding network in cellulose, rendering it soluble 
[133]. Aqueous NaOH, often combined with additives like urea 
or thiourea, can dissolve cellulose at low temperatures, although 
the resulting solutions are typically limited to low cellulose con-
centrations [134]. Cuprammonium solutions, used in the pro-
duction of cupro fibres, form soluble complexes with cellulose, 
but environmental and economic considerations restrict their 
use due to the involvement of heavy metals and the complex-
ity of the solvent recovery process [135]. The choice of solvent 
for cellulose dissolution significantly impacts the final cellulose 
products' efficiency, sustainability and properties.

Cellulose dissolution in DES represents a groundbreaking ad-
vancement in green chemistry, providing an eco-friendly al-
ternative to traditional solvents [136]. DES is a class of solvents 
formed by mixing two or more components, typically a HBD 
and a HBA, which interact to create a eutectic mixture with 
a melting point significantly lower than that of the individual 
components [137]. This unique property of DES allows for the 
effective dissolution of cellulose under mild conditions, which is 
a significant improvement over traditional solvents that often re-
quire harsh conditions and pose environmental concerns [138]. 
The interaction between cellulose and DES is primarily driven 
by hydrogen bonding, where the hydroxyl groups of cellulose in-
teract with the HBDs and acceptors in the DES, leading to the 
disruption of the extensive hydrogen-bonding network within 
the cellulose [139]. This disruption facilitates the dissolution 
process, making cellulose more accessible for subsequent chem-
ical modifications and applications.

One of the key advantages of using DES for cellulose dissolution 
is its environmental benignity [140]. Many DES are composed 
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of naturally derived, biodegradable and non-toxic components, 
such as choline chloride combined with urea, glycerol1 or vari-
ous organic acids [141]. These DES not only dissolve cellulose ef-
ficiently but also align with the principles of green chemistry by 
minimizing the use of hazardous substances and reducing the 
overall environmental footprint of the dissolution process [142]. 
Additionally, DES often exhibit low volatility and high thermal 
stability, which further enhances their suitability for industrial 
applications [143]. The ability to recover and recycle DES after 
cellulose dissolution adds another layer of sustainability to this 
approach, making it economically viable as well [144]. The re-
cyclability of DES reduces waste and lowers the cost associated 
with solvent use, thus promoting more sustainable industrial 
practices.

The versatility of DES in dissolving cellulose is another criti-
cal factor contributing to its widespread adoption. By carefully 
selecting and tailoring the components of DES, the solvent sys-
tem can be optimized for specific cellulose sources and desired 
outcomes. For example, DES, composed of choline chloride and 
urea, has been shown to dissolve microcrystalline cellulose ef-
fectively [145, 146], whereas mixtures involving choline chloride 
and glycerol can dissolve more recalcitrant forms of cellulose, 
such as those found in lignocellulosic biomass [147]. This tun-
ability allows for precise control over the dissolution process, 
enabling the production of cellulose derivatives with tailored 
properties for various applications. Furthermore, the mild con-
ditions under which DES operates help preserve the integrity 
of the cellulose, resulting in high-quality products suitable for 
high-value applications [148].

Dissolving cellulose in DES also opens new avenues to pro-
duce cellulose nanomaterials [149]. By leveraging the unique 
properties of DES, cellulose nanofibers and nanocrystals with 
controlled size and morphology can be produced [150]. These 
nanomaterials exhibit exceptional mechanical strength, high 
surface area and unique optical properties, making them ideal 
for applications in nanocomposites, reinforcing agents and even 
electronic devices [151]. The ability to produce high-quality cel-
lulose nanomaterials in an environmentally friendly manner 
represents a significant advancement in material science, of-
fering sustainable alternatives to conventional nanomaterials 
derived from non-renewable sources [152]. The laboratory-scale 
studies have demonstrated the effectiveness of various DES; 
scaling up these processes requires careful consideration of fac-
tors such as solvent cost, recovery and recycling efficiency [153]. 
The long-term stability, reusability and industrial application of 
DES need to be thoroughly investigated to ensure their practi-
cality for continuous industrial operations [154]. Advances in 
process engineering and solvent recovery technologies will play 
a crucial role in overcoming these challenges and establishing 
DES as a mainstream solution for cellulose dissolution.

4   |   Applications of Cellulose Dissolved in the DES

Cellulose, an abundant and renewable natural polymer, has 
drawn substantial interest for its broad range of applications 
when dissolved in DESs [155]. DESs, composed of HBDs and 
HBAs, present a greener alternative to traditional solvents due 
to their non-toxic, biodegradable and tunable properties  [156]. 

These solvents have enabled significant advancements in the 
utilization of cellulose, which is notoriously difficult to dissolve 
because of its extensive hydrogen-bonding network and crystal-
line structure [157]. When dissolved in DESs, cellulose can be 
harnessed for a variety of industrial and scientific applications, 
driving innovation in several fields [158]. In the textile industry, 
the dissolution of cellulose in DESs facilitates the production of 
regenerated cellulose fibres, such as lyocell and viscose, which 
serve as sustainable alternatives to synthetic fibres like polyester 
and nylon [159, 160]. These regenerated fibres exhibit superior 
properties, including high tensile strength, breathability and bio-
degradability [161]. The use of DESs in this process minimizes 
the environmental impact compared to conventional methods 
that rely on harsh chemicals. The fibres produced are increas-
ingly sought after in the fashion industry, which is pressured to 
reduce its environmental footprint and adopt more sustainable 
practices [162]. Beyond textiles, the potential of cellulose-DES 
systems extends to the realm of bioplastics. Dissolving cellulose 
in DESs makes it possible to create films and composites that 
serve as renewable substitutes for traditional petroleum-based 
plastics [163]. These bioplastics are utilized in packaging, agri-
cultural films and disposable items, where biodegradability is 
crucial [88, 164]. The cellulose-DES-derived bioplastics not only 
reduce dependency on fossil fuels but also mitigate plastic pollu-
tion, aligning with global efforts to tackle environmental issues 
associated with plastic waste [165]. Some of the applications of 
cellulose dissolved in DES are shown in Table 4.

In the biomedical field, cellulose dissolved in DESs is used to 
develop advanced functional materials such as hydrogels and 
aerogels [168]. These materials are prized for their high porosity, 
tunable mechanical properties and biocompatibility. Hydrogels, 
for instance, find applications in wound dressings, drug delivery 
systems and tissue engineering scaffolds [169]. Aerogels, with 
their ultralightweight and high surface area, are employed in in-
sulation, adsorption of pollutants and as carriers for controlled 
drug release [170]. The ability to tailor the properties of DESs 
enables the customization of these materials for specific medical 
applications, enhancing their efficacy and utility [171]. Another 
significant application of cellulose-DES systems is in the pro-
duction of nanocellulose [172]. Nanocellulose, derived from 

TABLE 4    |    Deep eutectic solvent systems for cellulose dissolution 
and their industrial applications.

DES system
Improved 
properties

Industrial 
applications Ref

ChCl: Gly 
(1:2)

EB: 85.3%, 
capsule loop 

strength: 39.9 N

Hard capsules [166]

ChCl: formic 
acid (1:2)

Lignin 
solubility: 14

Biofuels [11]

ChCl: oxalic 
acid (2:1)

Dissolution 
rate: 2.5%

Electrical 
conductivity

[18]

ChCl: lactic 
acid (1:1)

Enhanced 
microbial 
activity

Biomedical 
application

[140]

ChCl: acetic 
(1:2)

Improved 
biodegradability

Packaging 
industry

[167]
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cellulose fibres, exhibits exceptional mechanical properties, a 
high aspect ratio and a large surface area, making it an ideal re-
inforcing agent in composites. These composites are used in au-
tomotive parts, construction materials and high-strength papers 
[173]. The solubilization of cellulose in DESs also has profound 
implications for the bioenergy sector [174]. The dissolution pro-
cess enhances the enzymatic hydrolysis of cellulose, which is a 
critical step in the production of biofuels and biochemicals from 
lignocellulosic biomass [175]. This advancement is particularly 
important for the efficient conversion of agricultural and for-
estry residues into valuable bioenergy resources, thereby con-
tributing to the sustainable energy landscape [176]. The use of 
DESs in this context supports the principles of green chemistry, 
promoting cleaner production processes and reducing environ-
mental pollution [177].

Furthermore, the dissolution of cellulose in DESs paves the way 
for the development of novel functionalized materials with spe-
cific chemical properties. For example, cellulose can be modi-
fied to introduce functional groups that impart antimicrobial, 
flame-retardant, or conductive properties [112]. These function-
alized cellulose materials are applicable in various industries, 
including healthcare, electronics and construction. The versa-
tility of DESs allows for the fine-tuning of solvent properties to 
achieve optimal dissolution and functionalization of cellulose, 
thereby expanding its application scope [178]. The sustainabil-
ity aspect of using DESs in cellulose processing is noteworthy. 
Additionally, DESs can be easily recovered and reused in the 
process, further enhancing the sustainability of the cellulose dis-
solution and application cycles [179]. This aligns with the grow-
ing emphasis on circular economy principles, where the focus 
is on reducing waste, reusing materials and recycling resources 
to minimize environmental impact. Scientists are exploring the 
customization of DESs by varying the types and ratios of HBDs 
and HBAs to tailor solvent properties for specific applications 
[180]. This customization is key to optimizing the efficiency 
of cellulose dissolution and improving the performance of the 
resulting materials. Advanced analytical techniques are being 
employed to understand the interactions between cellulose and 
DESs at the molecular level, providing insights that drive fur-
ther innovation [181].

5   |   Safety Measures in Cellulose Dissolution

While DESs are less toxic than conventional solvents, the chem-
ical materials involved in the cellulose dissolution process still 
need safety protocols to ensure the protection of workers, op-
erational equipment and the environment [174]. Proper safety 
protocols should be followed, starting with the use of personal 
protective equipment (PPE) such as gloves, safety goggles, lab 
coats and respiratory protection when necessary. All chem-
icals should be clearly labelled and stored in suitable contain-
ers, away from incompatible substances, with updated material 
safety data sheets (MSDS) readily available and familiar to all 
personnel [182]. Ventilation systems, including fume hoods and 
local exhaust ventilation, are essential to prevent the buildup of 
harmful vapours, while temperature control within the disso-
lution area is crucial to mitigate the volatility of DES compo-
nents [183]. Spill kits with absorbent materials, neutralizing 
agents and protective equipment should be easily accessible, and 

personnel must be trained in spill response procedures. Regular 
inspection and maintenance of dissolution equipment are nec-
essary to prevent leaks or malfunctions, with pressure and 
temperature sensors in place to monitor operating conditions. 
Training programs covering chemical handling, equipment op-
eration, emergency response and waste disposal are vital, sup-
ported by detailed standard operating procedures (SOPs) for all 
process aspects [184]. An emergency response plan, including 
evacuation routes, first-aid procedures and emergency services 
contact information, must be established and communicated to 
all staff, with well-stocked first-aid stations available. Proper 
waste disposal in line with regulatory guidelines is essential, 
also avoiding the release of chemicals into drains or regular 
trash, and recycling and reuse practices should be implemented 
wherever possible [185]. Continuous monitoring systems for air 
quality, chemical concentrations and environmental conditions 
help maintain a safe working environment, and regular risk as-
sessments identify potential hazards, guiding mitigation efforts 
[186]. Environmental protection measures include effluent treat-
ment to remove harmful chemicals before discharge and regular 
monitoring of environmental parameters to ensure compliance 
with regulations. Adhering to local, national and international 
regulations regarding chemical safety, workplace safety and en-
vironmental protection is non-negotiable, with comprehensive 
documentation of safety protocols, training records, risk assess-
ments and regulatory compliance activities maintained [187]. By 
implementing these rigorous safety measures, the risks associ-
ated with cellulose dissolution using DESs can be minimized, 
ensuring the protection of personnel and the environment while 
enabling the continued use of this innovative and sustainable 
method. Continuous improvement and strict adherence to 
regulatory standards are essential for maintaining a safe and 
efficient operation, promoting the broader adoption of cellulose-
DES systems across various industries [188].

6   |   Conclusion

The dissolution of cellulose using DESs represents an ap-
proach with significant potential to drive sustainable inno-
vation across various industries. This method addresses the 
long-standing challenge of breaking down cellulose's robust 
hydrogen-bonding network and crystalline structure, which 
is traditionally difficult with conventional solvents that pose 
environmental and health risks. DESs, characterized by their 
low toxicity, biodegradability and tunable properties, offer a 
greener alternative, facilitating efficient cellulose dissolution 
and enabling the creation of a wide range of high-performance 
materials. The application spectrum is vast, encompassing the 
textile industry, where regenerated cellulose fibres provide 
sustainable alternatives to synthetic ones, and the bioplastics 
sector, where cellulose-derived films and composites reduce 
reliance on petroleum-based plastics and mitigate environ-
mental pollution. In biomedical fields, cellulose-DES systems 
enable the development of advanced functional materials like 
hydrogels and aerogels, which are essential for wound dress-
ings, drug delivery systems and tissue engineering due to their 
high porosity and biocompatibility. The industrial perspectives 
for cellulose dissolution using DESs are promising, driven by 
the global demand for sustainable and biodegradable mate-
rials. By addressing the technical, economic and regulatory 
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barriers, cellulose-DES systems can significantly contribute to 
the development of eco-friendly materials and processes, pav-
ing the way for a more sustainable future. The advancement of 
this technology aligns with the principles of green chemistry, 
promoting cleaner production methods and reducing environ-
mental impact, thereby supporting global efforts to create a 
circular economy and mitigate climate change. The dissolution 
of cellulose in DESs offers a compelling solution to current en-
vironmental and industrial challenges, providing a pathway to 
sustainable material innovation and driving progress towards 
a greener and more resilient future.

Author Contributions

Chigozie Charity Okwuwa: conceptualization, writing – original 
draft, writing – review and editing, and visualization. Fatmawati 
Adam: writing – review and editing and supervision. Michael E. 
Ries: writing – review and editing and validation. Samuel Olugbenga 
Olunusi: writing – review and editing. Nor Hanuni Ramli: writing – 
review and editing.

Acknowledgements

The authors are grateful for the financial support of Universiti Malaysia 
Pahang Al-Sultan Abdullah for funding this work through an internal 
grant No: RDU223012 and PGRS230302.

Funding

This work was supported by the UMPSA (RDU223012, PGRS230302).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated 
or analysed during the current study.

References

1. J. Rao, Z. Lv, G. Chen, and F. Peng, “Hemicellulose: Structure, 
Chemical Modification, and Application,” Progress in Polymer Science 
140 (2023): 101675, https://​doi.​org/​10.​1016/j.​progp​olyms​ci.​2023.​101675.

2. R. Parthasarathi, G. Bellesia, S. P. S. Chundawat, B. E. Dale, P. 
Langan, and S. Gnanakaran, “Insights Into Hydrogen Bonding and 
Stacking Interactions in Cellulose,” Journal of Physical Chemistry A 115, 
no. 49 (2011): 14191–14202, https://​doi.​org/​10.​1021/​jp203​620x.

3. J. T. McNamara, J. L. W. Morgan, and J. Zimmer, “A Molecular 
Description of Cellulose Biosynthesis,” Annual Review of Biochemistry 
84, no. 1 (2015): 895–921, https://​doi.​org/​10.​1146/​annur​ev-​bioch​em-​
06061​4-​033930.

4. F. Foroughi, E. Rezvani Ghomi, F. Morshedi Dehaghi, R. Borayek, 
and S. Ramakrishna, “A Review on the Life Cycle Assessment of 
Cellulose: From Properties to the Potential of Making It a Low 
Carbon Material,” Materials 14, no. 4 (2021): 714, https://​doi.​org/​10.​
3390/​ma140​40714​.

5. T. A. L. Silva, L. H. R. Varão, and D. Pasquini, “Lignocellulosic 
Biomass,” in Handbook of Biomass (Springer Nature Singapore, 2024), 
1–39, https://​doi.​org/​10.​1007/​978-​981-​19-​6772-​6_​5-​1.

6. S. Chaudhary, V. P. Jain, and G. Jaiswar, “The Composition of 
Polysaccharides: Monosaccharides and Binding, Group Decorating, 
Polysaccharides Chains,” in Innovation in Nano-Polysaccharides for 

Eco-Sustainability (Elsevier, 2022), 83–118, https://​doi.​org/​10.​1016/​
B978-​0-​12-​82343​9-​6.​00005​-​2.

7. S. Khopade, S. S. Gomte, C. Janrao, et  al., “Peptide and Protein 
Delivery Through Cellulose, Hyaluronic Acid, and Heparin,” in Peptide 
and Protein Drug Delivery Using Polysaccharides (Elsevier, 2024), 75–
113, https://​doi.​org/​10.​1016/​B978-​0-​443-​18925​-​8.​00003​-​9.

8. X. Lu, S. Xu, J. Chen, et  al., “Cellulose Dissolution in Ionic Liquid 
From Hydrogen Bonding Perspective: First-Principles Calculations,” 
Cellulose 30, no. 7 (2023): 4181–4195, https://​doi.​org/​10.​1007/​s1057​0-​
023-​05140​-​9.

9. M. Jonoobi, R. Oladi, Y. Davoudpour, et  al., “Different Preparation 
Methods and Properties of Nanostructured Cellulose From Various 
Natural Resources and Residues: A Review,” Cellulose 22, no. 2 (2015): 
935–969, https://​doi.​org/​10.​1007/​s1057​0-​015-​0551-​0.

10. T. Rosenau, A. Potthast, H. Sixta, and P. Kosma, “The Chemistry 
of Side Reactions and Byproduct Formation in the System NMMO/
Cellulose (Lyocell Process),” Progress in Polymer Science 26, no. 9 (2001): 
1763–1837, https://​doi.​org/​10.​1016/​S0079​-​6700(01)​00023​-​5.

11. P. Bajpai, “Cellulose, Hemicelluloses and Lignin Solubilization in 
DESs,” (2021): 21–27, https://​doi.​org/​10.​1007/​978-​981-​16-​4013-​1_​3.

12. A. Etale, A. J. Onyianta, S. R. Turner, and S. J. Eichhorn, “Cellulose: 
A Review of Water Interactions, Applications in Composites, and Water 
Treatment,” American Chemical Society 123 (2023): 2016–2048, https://​
doi.​org/​10.​1021/​acs.​chemr​ev.​2c00477.

13. C. M. Walters, C. E. Boott, T.-D. Nguyen, W. Y. Hamad, and M. J. 
MacLachlan, “Iridescent Cellulose Nanocrystal Films Modified With 
Hydroxypropyl Cellulose,” Biomacromolecules 21, no. 3 (2020): 1295–
1302, https://​doi.​org/​10.​1021/​acs.​biomac.​0c00056.

14. S. Acharya, S. Liyanage, N. Abidi, P. Parajuli, S. S. Rumi, and J. L. 
Shamshina, Utilization of Cellulose to Its Full Potential: A Review on 
Cellulose Dissolution, Regeneration, and Applications (MDPI, 2021), 
https://​doi.​org/​10.​3390/​polym​13244344.

15. O. M. Vanderfleet and E. D. Cranston, “Production Routes to Tailor 
the Performance of Cellulose Nanocrystals,” Nature Reviews Materials 
6, no. 2 (2021): 124–144, https://​doi.​org/​10.​1038/​s4157​8-​020-​00239​-​y.

16. K. Jin, Y. Tang, J. Liu, J. Wang, and C. Ye, “Nanofibrillated Cellulose 
as Coating Agent for Food Packaging Paper,” International Journal 
of Biological Macromolecules 168 (2021): 331–338, https://​doi.​org/​10.​
1016/j.​ijbio​mac.​2020.​12.​066.

17. R. Arun, R. Shruthy, R. Preetha, and V. Sreejit, “Biodegradable 
Nano Composite Reinforced With Cellulose Nano Fiber From Coconut 
Industry Waste for Replacing Synthetic Plastic Food Packaging,” 
Chemosphere 291 (2022): 132786, https://​doi.​org/​10.​1016/j.​chemo​
sphere.​2021.​132786.

18. H. Zhang, Y. Chen, S. Wang, et al., “Extraction and Comparison of 
Cellulose Nanocrystals From Lemon (Citrus limon) Seeds Using Sulfuric 
Acid Hydrolysis and Oxidation Methods,” Carbohydrate Polymers 238 
(2020): 116180, https://​doi.​org/​10.​1016/j.​carbp​ol.​2020.​116180.

19. Y. Zheng, Z. Wang, Y. Huang, et  al., “Extraction and Preparation 
of Cellulose Nanocrystal From Brewer's Spent Grain and Application 
in Pickering Emulsions,” Bioactive Carbohydrates and Dietary Fibre 31 
(2024): 100418, https://​doi.​org/​10.​1016/j.​bcdf.​2024.​100418.

20. N. Johar, I. Ahmad, and A. Dufresne, “Extraction, Preparation 
and Characterization of Cellulose Fibres and Nanocrystals From Rice 
Husk,” Industrial Crops and Products 37, no. 1 (2012): 93–99, https://​doi.​
org/​10.​1016/j.​indcr​op.​2011.​12.​016.

21. A. A. Oun and J.-W. Rhim, “Isolation of Cellulose Nanocrystals 
From Grain Straws and Their Use for the Preparation of Carboxymethyl 
Cellulose-Based Nanocomposite Films,” Carbohydrate Polymers 150 
(2016): 187–200, https://​doi.​org/​10.​1016/j.​carbp​ol.​2016.​05.​020.

22. R. Moriana, F. Vilaplana, and M. Ek, “Cellulose Nanocrystals From 
Forest Residues as Reinforcing Agents for Composites: A Study From 

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.progpolymsci.2023.101675
https://doi.org/10.1021/jp203620x
https://doi.org/10.1146/annurev-biochem-060614-033930
https://doi.org/10.1146/annurev-biochem-060614-033930
https://doi.org/10.3390/ma14040714
https://doi.org/10.3390/ma14040714
https://doi.org/10.1007/978-981-19-6772-6_5-1
https://doi.org/10.1016/B978-0-12-823439-6.00005-2
https://doi.org/10.1016/B978-0-12-823439-6.00005-2
https://doi.org/10.1016/B978-0-443-18925-8.00003-9
https://doi.org/10.1007/s10570-023-05140-9
https://doi.org/10.1007/s10570-023-05140-9
https://doi.org/10.1007/s10570-015-0551-0
https://doi.org/10.1016/S0079-6700(01)00023-5
https://doi.org/10.1007/978-981-16-4013-1_3
https://doi.org/10.1021/acs.chemrev.2c00477
https://doi.org/10.1021/acs.chemrev.2c00477
https://doi.org/10.1021/acs.biomac.0c00056
https://doi.org/10.3390/polym13244344
https://doi.org/10.1038/s41578-020-00239-y
https://doi.org/10.1016/j.ijbiomac.2020.12.066
https://doi.org/10.1016/j.ijbiomac.2020.12.066
https://doi.org/10.1016/j.chemosphere.2021.132786
https://doi.org/10.1016/j.chemosphere.2021.132786
https://doi.org/10.1016/j.carbpol.2020.116180
https://doi.org/10.1016/j.bcdf.2024.100418
https://doi.org/10.1016/j.indcrop.2011.12.016
https://doi.org/10.1016/j.indcrop.2011.12.016
https://doi.org/10.1016/j.carbpol.2016.05.020


15 of 20Asia-Pacific Journal of Chemical Engineering, 2025

Macro- to Nano-Dimensions,” Carbohydrate Polymers 139 (2016): 139–
149, https://​doi.​org/​10.​1016/j.​carbp​ol.​2015.​12.​020.

23. W. P. Flauzino Neto, H. A. Silvério, N. O. Dantas, and D. Pasquini, 
“Extraction and Characterization of Cellulose Nanocrystals From 
Agro-Industrial Residue—Soy Hulls,” Industrial Crops and Products 42 
(2013): 480–488, https://​doi.​org/​10.​1016/j.​indcr​op.​2012.​06.​041.

24. M. A. Gallardo-Sánchez, T. Diaz-Vidal, A. B. Navarro-Hermosillo, 
et  al., “Optimization of the Obtaining of Cellulose Nanocrystals 
From Agave tequilana Weber Var. Azul Bagasse by Acid Hydrolysis,” 
Nanomaterials 11, no. 2 (2021): 520, https://​doi.​org/​10.​3390/​nano1​
1020520.

25. Y. W. Chen, H. V. Lee, J. C. Juan, and S.-M. Phang, “Production of 
New Cellulose Nanomaterial From Red Algae Marine Biomass Gelidium 
elegans,” Carbohydrate Polymers 151 (2016): 1210–1219, https://​doi.​org/​
10.​1016/j.​carbp​ol.​2016.​06.​083.

26. M. Raza, B. Abu-Jdayil, F. Banat, and A. H. Al-Marzouqi, “Isolation 
and Characterization of Cellulose Nanocrystals From Date Palm 
Waste,” ACS Omega 7, no. 29 (2022): 25366–25379, https://​doi.​org/​10.​
1021/​acsom​ega.​2c02333.

27. M. El Achaby, N. El Miri, A. Aboulkas, et  al., “Processing and 
Properties of Eco-Friendly Bio-Nanocomposite Films Filled With 
Cellulose Nanocrystals From Sugarcane Bagasse,” International 
Journal of Biological Macromolecules 96 (2017): 340–352, https://​doi.​
org/​10.​1016/j.​ijbio​mac.​2016.​12.​040.

28. C. I. K. Diop and J.-M. Lavoie, “Isolation of Nanocrystalline 
Cellulose: A Technological Route for Valorizing Recycled Tetra Pak 
Aseptic Multilayered Food Packaging Wastes,” Waste and Biomass 
Valorization 8, no. 1 (2017): 41–56, https://​doi.​org/​10.​1007/​s1264​
9-​016-​9585-​2.

29. L. Van Hai, H. N. Son, and Y. B. Seo, “Physical and Bio-Composite 
Properties of Nanocrystalline Cellulose From Wood, Cotton Linters, 
Cattail, and Red Algae,” Cellulose 22, no. 3 (2015): 1789–1798, https://​
doi.​org/​10.​1007/​s1057​0-​015-​0633-​z.

30. I. Shahabi-Ghahfarrokhi, F. Khodaiyan, M. Mousavi, and H. 
Yousefi, “Green Bionanocomposite Based on Kefiran and Cellulose 
Nanocrystals Produced From Beer Industrial Residues,” International 
Journal of Biological Macromolecules 77 (2015): 85–91, https://​doi.​org/​
10.​1016/j.​ijbio​mac.​2015.​02.​055.

31. S. Zhang, F. Zhang, L. Jin, et  al., “Preparation of Spherical 
Nanocellulose From Waste Paper by Aqueous NaOH/Thiourea,” 
Cellulose 26, no. 8 (2019): 5177–5185, https://​doi.​org/​10.​1007/​s1057​0-​
019-​02434​-​9.

32. S. Dubey, J. Singh, and R. P. Singh, “Biotransformation of Sweet 
Lime Pulp Waste Into High-Quality Nanocellulose With an Excellent 
Productivity Using Komagataeibacter Europaeus SGP37 Under Static 
Intermittent Fed-Batch Cultivation,” Bioresource Technology 247 (2018): 
73–80, https://​doi.​org/​10.​1016/j.​biort​ech.​2017.​09.​089.

33. S. A. Ogundare, V. Moodley, and W. E. van Zyl, “Nanocrystalline 
Cellulose Isolated From Discarded Cigarette Filters,” Carbohydrate 
Polymers 175 (2017): 273–281, https://​doi.​org/​10.​1016/j.​carbp​ol.​2017.​
08.​008.

34. M. G. Thomas, E. Abraham, P. Jyotishkumar, H. J. Maria, L. 
A. Pothen, and S. Thomas, “Nanocelluloses From Jute Fibers and 
Their Nanocomposites With Natural Rubber: Preparation and 
Characterization,” International Journal of Biological Macromolecules 
81 (2015): 768–777, https://​doi.​org/​10.​1016/j.​ijbio​mac.​2015.​08.​053.

35. Y.-L. Hsieh, “Cellulose Nanocrystals and Self-Assembled 
Nanostructures From Cotton, Rice Straw and Grape Skin: A Source 
Perspective,” Journal of Materials Science 48, no. 22 (2013): 7837–7846, 
https://​doi.​org/​10.​1007/​s1085​3-​013-​7512-​5.

36. J. Prasad Reddy and J.-W. Rhim, “Isolation and Characterization of 
Cellulose Nanocrystals From Garlic Skin,” Materials Letters 129 (2014): 
20–23, https://​doi.​org/​10.​1016/j.​matlet.​2014.​05.​019.

37. S. Bano and Y. S. Negi, “Studies on Cellulose Nanocrystals Isolated 
From Groundnut Shells,” Carbohydrate Polymers 157 (2017): 1041–1049, 
https://​doi.​org/​10.​1016/j.​carbp​ol.​2016.​10.​069.

38. S. Deb Dutta, D. K. Patel, K. Ganguly, and K.-T. Lim, “Isolation and 
Characterization of Cellulose Nanocrystals From Coffee Grounds for 
Tissue Engineering,” Materials Letters 287 (2021): 129311, https://​doi.​
org/​10.​1016/j.​matlet.​2021.​129311.

39. E. Kamelnia, A. Divsalar, M. Darroudi, P. Yaghmaei, and K. Sadri, 
“Production of New Cellulose Nanocrystals From Ferula gummosa 
and Their Use in Medical Applications via Investigation of Their 
Biodistribution,” Industrial Crops and Products 139 (2019): 111538, 
https://​doi.​org/​10.​1016/j.​indcr​op.​2019.​111538.

40. H. Lu, Y. Gui, L. Zheng, and X. Liu, “Morphological, Crystalline, 
Thermal and Physicochemical Properties of Cellulose Nanocrystals 
Obtained From Sweet Potato Residue,” Food Research International 50, 
no. 1 (2013): 121–128, https://​doi.​org/​10.​1016/j.​foodr​es.​2012.​10.​013.

41. P. Lu and Y.-L. Hsieh, “Cellulose Isolation and Core–Shell 
Nanostructures of Cellulose Nanocrystals From Chardonnay Grape 
Skins,” Carbohydrate Polymers 87, no. 4 (2012): 2546–2553, https://​doi.​
org/​10.​1016/j.​carbp​ol.​2011.​11.​023.

42. J.-W. Rhim, J. P. Reddy, and X. Luo, “Isolation of Cellulose 
Nanocrystals From Onion Skin and Their Utilization for the Preparation 
of Agar-Based Bio-Nanocomposites Films,” Cellulose 22, no. 1 (2015): 
407–420, https://​doi.​org/​10.​1007/​s1057​0-​014-​0517-​7.

43. H. A. Silvério, W. P. Flauzino Neto, N. O. Dantas, and D. Pasquini, 
“Extraction and Characterization of Cellulose Nanocrystals From 
Corncob for Application as Reinforcing Agent in Nanocomposites,” 
Industrial Crops and Products 44 (2013): 427–436, https://​doi.​org/​10.​
1016/j.​indcr​op.​2012.​10.​014.

44. M. El Achaby, N. El Miri, H. Hannache, S. Gmouh, H. B. Youcef, and 
A. Aboulkas, “Production of Cellulose Nanocrystals From Vine Shoots 
and Their Use for the Development of Nanocomposite Materials,” 
International Journal of Biological Macromolecules 117 (2018): 592–600, 
https://​doi.​org/​10.​1016/j.​ijbio​mac.​2018.​05.​201.

45. M. El Achaby, Z. Kassab, A. Aboulkas, C. Gaillard, and A. Barakat, 
“Reuse of Red Algae Waste for the Production of Cellulose Nanocrystals 
and Its Application in Polymer Nanocomposites,” International Journal 
of Biological Macromolecules 106 (2018): 681–691, https://​doi.​org/​10.​
1016/j.​ijbio​mac.​2017.​08.​067.

46. S. Naduparambath, T. V. Jinitha, V. Shaniba, M. P. Sreejith, A. K. 
Balan, and E. Purushothaman, “Isolation and Characterisation of 
Cellulose Nanocrystals From Sago Seed Shells,” Carbohydrate Polymers 
180 (2018): 13–20, https://​doi.​org/​10.​1016/j.​carbp​ol.​2017.​09.​088.

47. V. L. Campo, D. F. Kawano, D. B. da Silva, and I. Carvalho, 
“Carrageenans: Biological Properties, Chemical Modifications and 
Structural Analysis—A Review,” Carbohydrate Polymers 77, no. 2 
(2009): 167–180, https://​doi.​org/​10.​1016/j.​carbp​ol.​2009.​01.​020.

48. T. Budtova and P. Navard, “Cellulose in NaOH–Water Based 
Solvents: A Review,” Cellulose 23, no. 1 (2016): 5–55, https://​doi.​org/​10.​
1007/​s1057​0-​015-​0779-​8.

49. H. Li, H. Zhang, J. Zhang, Y. Guo, L. Hou, and X. Zhang, 
“Insight on Dissolution Performance of High Purity Cellulose in 
N-Methyl Morpholine-N-Oxide Aqueous Solution With Assistance 
of Ultrasonication Treatment,” International Journal of Biological 
Macromolecules 311 (2025): 144138, https://​doi.​org/​10.​1016/j.​ijbio​mac.​
2025.​144138.

50. X. Qian, Y. Guo, Y. Zhao, et al., “Quantitative Evaluation of Cellulose 
Swelling and Dissolution Behavior by Monitoring the Retention of 
NMMO Solvent in Cellulose Fiber Structure,” International Journal of 
Biological Macromolecules 315 (2025): 144624, https://​doi.​org/​10.​1016/j.​
ijbio​mac.​2025.​144624.

51. A. Shahin Shamsabadi, S. S. Rumi, Z. Zhang, and N. Abidi, “Role 
of High-Pressure CO2 Pretreatment in Facilitating Cotton Linter 

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.carbpol.2015.12.020
https://doi.org/10.1016/j.indcrop.2012.06.041
https://doi.org/10.3390/nano11020520
https://doi.org/10.3390/nano11020520
https://doi.org/10.1016/j.carbpol.2016.06.083
https://doi.org/10.1016/j.carbpol.2016.06.083
https://doi.org/10.1021/acsomega.2c02333
https://doi.org/10.1021/acsomega.2c02333
https://doi.org/10.1016/j.ijbiomac.2016.12.040
https://doi.org/10.1016/j.ijbiomac.2016.12.040
https://doi.org/10.1007/s12649-016-9585-2
https://doi.org/10.1007/s12649-016-9585-2
https://doi.org/10.1007/s10570-015-0633-z
https://doi.org/10.1007/s10570-015-0633-z
https://doi.org/10.1016/j.ijbiomac.2015.02.055
https://doi.org/10.1016/j.ijbiomac.2015.02.055
https://doi.org/10.1007/s10570-019-02434-9
https://doi.org/10.1007/s10570-019-02434-9
https://doi.org/10.1016/j.biortech.2017.09.089
https://doi.org/10.1016/j.carbpol.2017.08.008
https://doi.org/10.1016/j.carbpol.2017.08.008
https://doi.org/10.1016/j.ijbiomac.2015.08.053
https://doi.org/10.1007/s10853-013-7512-5
https://doi.org/10.1016/j.matlet.2014.05.019
https://doi.org/10.1016/j.carbpol.2016.10.069
https://doi.org/10.1016/j.matlet.2021.129311
https://doi.org/10.1016/j.matlet.2021.129311
https://doi.org/10.1016/j.indcrop.2019.111538
https://doi.org/10.1016/j.foodres.2012.10.013
https://doi.org/10.1016/j.carbpol.2011.11.023
https://doi.org/10.1016/j.carbpol.2011.11.023
https://doi.org/10.1007/s10570-014-0517-7
https://doi.org/10.1016/j.indcrop.2012.10.014
https://doi.org/10.1016/j.indcrop.2012.10.014
https://doi.org/10.1016/j.ijbiomac.2018.05.201
https://doi.org/10.1016/j.ijbiomac.2017.08.067
https://doi.org/10.1016/j.ijbiomac.2017.08.067
https://doi.org/10.1016/j.carbpol.2017.09.088
https://doi.org/10.1016/j.carbpol.2009.01.020
https://doi.org/10.1007/s10570-015-0779-8
https://doi.org/10.1007/s10570-015-0779-8
https://doi.org/10.1016/j.ijbiomac.2025.144138
https://doi.org/10.1016/j.ijbiomac.2025.144138
https://doi.org/10.1016/j.ijbiomac.2025.144624
https://doi.org/10.1016/j.ijbiomac.2025.144624


16 of 20 Asia-Pacific Journal of Chemical Engineering, 2025

Cellulose Dissolution in Aqueous NaOH/Urea System,” Materials 
Letters 398 (2025): 138942, https://​doi.​org/​10.​1016/j.​matlet.​2025.​
138942.

52. A. Koistinen, T. Vuorinen, and T. Maloney, “The Effect of Alkaline 
Pre-Treatment on Cellulose Pulp Fiber Dissolution,” Carbohydrate 
Polymer Technologies and Applications 11 (2025): 100978, https://​doi.​
org/​10.​1016/j.​carpta.​2025.​100978.

53. X. Zhao, M. Liu, H. Zhang, L. Zhang, and J. Lu, “Study on the 
Dissolution Behavior of Different Celluloses in Quaternary Ammonium 
Base/Imidazole Compound Solvent System,” Carbohydrate Research 
553 (2025): 109498, https://​doi.​org/​10.​1016/j.​carres.​2025.​109498.

54. O. A. El Seoud, N. Keppeler, and N. I. Malek, “Amino Acid-Based 
Ionic Liquids: Green Solvents for Cellulose Dissolution,” Journal of 
Molecular Liquids 436 (2025): 128274, https://​doi.​org/​10.​1016/j.​molliq.​
2025.​128274.

55. K. Kikuchi, K. Fujimoto, A. Shimizu, K. Kaneko, T. Matsuyama, and 
J. Ida, “Prediction and Elucidation of Cellulose Dissolution Rate in Ionic 
Liquids Under High Pressure Using All-Atom Molecular Dynamics 
Simulations,” Journal of Molecular Liquids 437 (2025): 128344, https://​
doi.​org/​10.​1016/j.​molliq.​2025.​128344.

56. H. Wennerström and B. Lindman, “Dissolution of Cellulose 
in Alkali: A Competition Between Ionization and Hydrophobic 
Interactions,” Journal of Molecular Liquids 436 (2025): 128169, https://​
doi.​org/​10.​1016/j.​molliq.​2025.​128169.

57. E. Sharifi Zamani, H. Ahadian, A. Koistinen, and T. Maloney, “Novel 
High-Consistency Forming of All-Cellulose Composites: The Role 
of Sodium Hydroxide Solvent System on Fiber Swelling/Dissolution 
and Composite Properties,” Industrial Crops and Products 236 (2025): 
121959, https://​doi.​org/​10.​1016/j.​indcr​op.​2025.​121959.

58. J. Tian, H. Gao, Y. Long, et  al., “Study on the Dissolution and 
Degradation Patterns of Cellulose in Phosphonate-Based Ionic Liquids 
and the Construction of Ternary Phase Diagrams,” International 
Journal of Biological Macromolecules 319 (2025): 145321, https://​doi.​org/​
10.​1016/j.​ijbio​mac.​2025.​145321.

59. Y. Wang, Y. Bai, J. Su, et  al., “Advances in Microbially Mediated 
Manganese Redox Cycling Coupled With Nitrogen Removal in 
Wastewater Treatment: A Critical Review and Bibliometric Analysis,” 
Chemical Engineering Journal 461 (2023): 141878, https://​doi.​org/​10.​
1016/j.​cej.​2023.​141878.

60. K. El Bourakadi, F.-Z. Semlali, M. Hammi, and M. El Achaby, “A 
Review on Natural Cellulose Fiber Applications: Empowering Industry 
With Sustainable Solutions,” International Journal of Biological 
Macromolecules 281 (2024): 135773, https://​doi.​org/​10.​1016/j.​ijbio​mac.​
2024.​135773.

61. Y. Liu, S. Ahmed, D. E. Sameen, et al., “A Review of Cellulose and 
Its Derivatives in Biopolymer-Based for Food Packaging Application,” 
Trends in Food Science and Technology 112 (2021): 532–546, https://​doi.​
org/​10.​1016/j.​tifs.​2021.​04.​016.

62. S. Saedi, C. V. Garcia, J. T. Kim, and G. H. Shin, “Physical and 
Chemical Modifications of Cellulose Fibers for Food Packaging 
Applications,” Cellulose 28, no. 14 (2021): 8877–8897, https://​doi.​org/​10.​
1007/​s1057​0-​021-​04086​-​0.

63. N. A. Sagar, N. Kumar, R. Choudhary, et al., “Prospecting the Role 
of Nanotechnology in Extending the Shelf-Life of Fresh Produce and 
in Developing Advanced Packaging,” Food Packaging and Shelf Life 34 
(2022): 100955, https://​doi.​org/​10.​1016/j.​fpsl.​2022.​100955.

64. A. El Mahdaoui, S. Radi, A. Elidrissi, M. A. F. Faustino, M. G. P. M. S. 
Neves, and N. M. M. Moura, “Progress in the Modification of Cellulose-
Based Adsorbents for the Removal of Toxic Heavy Metal Ions,” Journal 
of Environmental Chemical Engineering 12, no. 5 (2024): 113870, https://​
doi.​org/​10.​1016/j.​jece.​2024.​113870.

65. Y. Wang, X. Wang, Y. Xie, and K. Zhang, “Functional Nanomaterials 
Through Esterification of Cellulose: A Review of Chemistry and 

Application,” Cellulose 25, no. 7 (2018): 3703–3731, https://​doi.​org/​10.​
1007/​s1057​0-​018-​1830-​3.

66. B. Sun, M. Zhang, J. Shen, Z. He, P. Fatehi, and Y. Ni, “Applications 
of Cellulose-Based Materials in Sustained Drug Delivery Systems,” 
Current Medicinal Chemistry 26, no. 14 (2019): 2485–2501, https://​doi.​
org/​10.​2174/​09298​67324​66617​07051​43308​.

67. S. S. Biranje, S. Kaushik, D. Marewad, et  al., “Applications of 
Nanocellulose and Its Derivatives in Developing Sustainable Textiles,” 
Cellulose 31, no. 9 (2024): 5343–5379, https://​doi.​org/​10.​1007/​s1057​0-​
024-​05935​-​4.

68. D. Zhao, Y. Zhu, W. Cheng, W. Chen, Y. Wu, and H. Yu, “Cellulose-
Based Flexible Functional Materials for Emerging Intelligent 
Electronics,” Advanced Materials 33, no. 28 (2021): 2000619, https://​doi.​
org/​10.​1002/​adma.​20200​0619.

69. Q. Liao, H. Ren, J. Xu, P. Wang, B. Yuan, and H. Zhang, “Combined 
Experiments and Molecular Simulations for Understanding the 
Thermo-Responsive Behavior and Gelation of Methylated Glucans With 
Different Glycosidic Linkages,” Journal of Colloid and Interface Science 
674 (2024): 315–325, https://​doi.​org/​10.​1016/j.​jcis.​2024.​06.​187.

70. M. Wohlert, T. Benselfelt, L. Wågberg, I. Furó, L. A. Berglund, and 
J. Wohlert, “Cellulose and the Role of Hydrogen Bonds: Not in Charge 
of Everything,” Cellulose 29, no. 1 (2022): 1–23, https://​doi.​org/​10.​1007/​
s1057​0-​021-​04325​-​4.

71. M. S. Badar, S. Shamsi, J. Ahmed, and M. A. Alam, Molecular 
Dynamics Simulations: Concept, Methods, and Applications (Springer 
International Publishing, 2022), 131–151, https://​doi.​org/​10.​1007/​978-​
3-​030-​94651​-​7_​7.

72. C. B. T. L. Lee and T. Y. Wu, “A Review on Solvent Systems for 
Furfural Production From Lignocellulosic Biomass,” Renewable and 
Sustainable Energy Reviews 137 (2021): 110172, https://​doi.​org/​10.​
1016/j.​rser.​2020.​110172.

73. M. del Mar Contreras-Gámez, Á. Galán-Martín, N. Seixas, A. M. da 
Costa Lopes, A. Silvestre, and E. Castro, “Deep Eutectic Solvents for 
Improved Biomass Pretreatment: Current Status and Future Prospective 
Towards Sustainable Processes,” Bioresource Technology 369 (2023): 
128396, https://​doi.​org/​10.​1016/j.​biort​ech.​2022.​128396.

74. S. M. Chia, M. C. Chiong, J. Panpranot, and K. M. Lee, “Process 
Optimization on Co-Production of Lignin and Cellulose in Deep 
Eutectic Solvent Pretreatment of Oil Palm Empty Fruit Bunch,” Biomass 
Conversion and Biorefinery 14 (2023): 32485–32497, https://​doi.​org/​10.​
1007/​s1339​9-​023-​05025​-​8.

75. C. C. Okwuwa, F. Adam, F. Mohd Said, and M. E. Ries, “Cellulose 
Dissolution for Edible Biocomposites in Deep Eutectic Solvents: A 
Review,” Journal of Cleaner Production 427 (2023): 139166, https://​doi.​
org/​10.​1016/j.​jclep​ro.​2023.​139166.

76. J. P. Bittner, N. Zhang, L. Huang, P. Domínguez de María, S. 
Jakobtorweihen, and S. Kara, “Impact of Deep Eutectic Solvents (DESs) 
and Individual DES Components on Alcohol Dehydrogenase Catalysis: 
Connecting Experimental Data and Molecular Dynamics Simulations,” 
Green Chemistry 24, no. 3 (2022): 1120–1131, https://​doi.​org/​10.​1039/​
D1GC0​4059F​.

77. S. R. Maldonado-Bustamante, I. Mondaca-Fernández, P. Gortares-
Moroyoqui, et  al., “The Effectiveness of the Organosolv Process in 
Wheat Straw Delignification Optimizing Temperature and Time 
Reaction,” Cellulose 29, no. 13 (2022): 7151–7161, https://​doi.​org/​10.​
1007/​s1057​0-​022-​04708​-​1.

78. M. K. A. Mohd Fauzi, C. C. Okwuwa, N. H. Ramli, A. A. Asmawi, 
R. Jose, and F. Adam, “Moisture Migration as an Influencing Factor in 
Food Freshness Biocomposite Packaging: A Trend Analysis Review,” 
Next Materials 9 (2025): 101205, https://​doi.​org/​10.​1016/j.​nxmate.​2025.​
101205.

79. M. Sarkar, A. Upadhyay, D. Pandey, C. Sarkar, and S. Saha, 
Cellulose-Based Biodegradable Polymers: Synthesis, Properties, and 

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.matlet.2025.138942
https://doi.org/10.1016/j.matlet.2025.138942
https://doi.org/10.1016/j.carpta.2025.100978
https://doi.org/10.1016/j.carpta.2025.100978
https://doi.org/10.1016/j.carres.2025.109498
https://doi.org/10.1016/j.molliq.2025.128274
https://doi.org/10.1016/j.molliq.2025.128274
https://doi.org/10.1016/j.molliq.2025.128344
https://doi.org/10.1016/j.molliq.2025.128344
https://doi.org/10.1016/j.molliq.2025.128169
https://doi.org/10.1016/j.molliq.2025.128169
https://doi.org/10.1016/j.indcrop.2025.121959
https://doi.org/10.1016/j.ijbiomac.2025.145321
https://doi.org/10.1016/j.ijbiomac.2025.145321
https://doi.org/10.1016/j.cej.2023.141878
https://doi.org/10.1016/j.cej.2023.141878
https://doi.org/10.1016/j.ijbiomac.2024.135773
https://doi.org/10.1016/j.ijbiomac.2024.135773
https://doi.org/10.1016/j.tifs.2021.04.016
https://doi.org/10.1016/j.tifs.2021.04.016
https://doi.org/10.1007/s10570-021-04086-0
https://doi.org/10.1007/s10570-021-04086-0
https://doi.org/10.1016/j.fpsl.2022.100955
https://doi.org/10.1016/j.jece.2024.113870
https://doi.org/10.1016/j.jece.2024.113870
https://doi.org/10.1007/s10570-018-1830-3
https://doi.org/10.1007/s10570-018-1830-3
https://doi.org/10.2174/0929867324666170705143308
https://doi.org/10.2174/0929867324666170705143308
https://doi.org/10.1007/s10570-024-05935-4
https://doi.org/10.1007/s10570-024-05935-4
https://doi.org/10.1002/adma.202000619
https://doi.org/10.1002/adma.202000619
https://doi.org/10.1016/j.jcis.2024.06.187
https://doi.org/10.1007/s10570-021-04325-4
https://doi.org/10.1007/s10570-021-04325-4
https://doi.org/10.1007/978-3-030-94651-7_7
https://doi.org/10.1007/978-3-030-94651-7_7
https://doi.org/10.1016/j.rser.2020.110172
https://doi.org/10.1016/j.rser.2020.110172
https://doi.org/10.1016/j.biortech.2022.128396
https://doi.org/10.1007/s13399-023-05025-8
https://doi.org/10.1007/s13399-023-05025-8
https://doi.org/10.1016/j.jclepro.2023.139166
https://doi.org/10.1016/j.jclepro.2023.139166
https://doi.org/10.1039/D1GC04059F
https://doi.org/10.1039/D1GC04059F
https://doi.org/10.1007/s10570-022-04708-1
https://doi.org/10.1007/s10570-022-04708-1
https://doi.org/10.1016/j.nxmate.2025.101205
https://doi.org/10.1016/j.nxmate.2025.101205


17 of 20Asia-Pacific Journal of Chemical Engineering, 2025

Their Applications (Springer Nature Singapore, 2023), 89–114, https://​
doi.​org/​10.​1007/​978-​981-​99-​3307-​5_​5.

80. M. Zhou, O. A. Fakayode, M. Ren, et  al., “Laccase-Catalyzed 
Lignin Depolymerization in Deep Eutectic Solvents: Challenges and 
Prospects,” Bioresources and Bioprocessing 10, no. 1 (2023): 21, https://​
doi.​org/​10.​1186/​s4064​3-​023-​00640​-​9.

81. Z. Tong, S. Zeng, X. Li, W. Wang, Q. Xia, and H. Yu, “Glycosidic Bond 
Protection of Cellulose During Solvent Dissolution by Coordination 
Interaction Competition Strategy,” Carbohydrate Polymers 328 (2024): 
121665, https://​doi.​org/​10.​1016/j.​carbp​ol.​2023.​121665.

82. C. C. Okwuwa, F. Adam, and M. E. Ries, “Nanocellulose Dissolution 
in Green Solvents: Enhancing Carrageenan Biocomposites for 
Sustainable Hard Capsule Production,” Cellulose 32, no. 9 (2025): 5335–
5359, https://​doi.​org/​10.​1007/​s1057​0-​025-​06474​-​2.

83. M. Ghasemi, M. Tsianou, and P. Alexandridis, “Assessment of 
Solvents for Cellulose Dissolution,” Bioresource Technology 228 (2017): 
330–338, https://​doi.​org/​10.​1016/j.​biort​ech.​2016.​12.​049.

84. B. Medronho and B. Lindman, “Competing Forces During Cellulose 
Dissolution: From Solvents to Mechanisms,” Current Opinion in Colloid 
& Interface Science 19, no. 1 (2014): 32–40, https://​doi.​org/​10.​1016/j.​
cocis.​2013.​12.​001.

85. I. Bodachivskyi, C. J. Page, U. Kuzhiumparambil, S. F. R. Hinkley, 
I. M. Sims, and D. B. G. Williams, “Dissolution of Cellulose: Are 
Ionic Liquids Innocent or Noninnocent Solvents?,” ACS Sustainable 
Chemistry & Engineering 8, no. 27 (2020): 10142–10150, https://​doi.​org/​
10.​1021/​acssu​schem​eng.​0c02204.

86. M. Ghasemi, P. Alexandridis, and M. Tsianou, “Cellulose Dissolution: 
Insights on the Contributions of Solvent-Induced Decrystallization and 
Chain Disentanglement,” Cellulose 24, no. 2 (2017): 571–590, https://​doi.​
org/​10.​1007/​s1057​0-​016-​1145-​1.

87. T. Li, Q. Fang, H. Chen, et al., “Solvent-Based Delignification and 
Decrystallization of Wheat Straw for Efficient Enzymatic Hydrolysis of 
Cellulose and Ethanol Production With Low Cellulase Loadings,” RSC 
Advances 7, no. 17 (2017): 10609–10617, https://​doi.​org/​10.​1039/​C6RA2​
8509K​.

88. S. O. Olunusi, N. H. Ramli, A. Fatmawati, A. F. Ismail, and C. C. 
Okwuwa, “Revolutionizing Tropical Fruits Preservation: Emerging 
Edible Coating Technologies,” International Journal of Biological 
Macromolecules 264 (2024): 130682, https://​doi.​org/​10.​1016/j.​ijbio​mac.​
2024.​130682.

89. S. J. Klippenstein, V. S. Pande, and D. G. Truhlar, “Chemical 
Kinetics and Mechanisms of Complex Systems: A Perspective on Recent 
Theoretical Advances,” Journal of the American Chemical Society 136, 
no. 2 (2014): 528–546, https://​doi.​org/​10.​1021/​ja408​723a.

90. J. Chen, H. Javaheri, B. Al-Chikh Sulaiman, and Y. Dahman, 
“Synthesis, Characterization and Applications of Nanoparticles,” in 
Fabrication and Self-Assembly of Nanobiomaterials (Elsevier, 2016), 
1–27, https://​doi.​org/​10.​1016/​B978-​0-​323-​41533​-​0.​00001​-​5.

91. S. Mourdikoudis, R. M. Pallares, and N. T. K. Thanh, 
“Characterization Techniques for Nanoparticles: Comparison and 
Complementarity Upon Studying Nanoparticle Properties,” Nanoscale 
10, no. 27 (2018): 12871–12934, https://​doi.​org/​10.​1039/​C8NR0​2278J​.

92. S. Stock, R. von Klitzing, and A. Rahimzadeh, “Dynamic Light 
Scattering for Particle Characterization Subjected to Ultrasound: 
A Study on Compact Particles and Acousto-Responsive Microgels,” 
Scientific Reports 14, no. 1 (2024): 989, https://​doi.​org/​10.​1038/​s4159​8-​
024-​51404​-​0.

93. Drawing the Line for Process Design,” Nature Chemical Engineering 
1, no. 2 (2024): 117–118, https://​doi.​org/​10.​1038/​s4428​6-​024-​00034​-​4.

94. H. Nawaz, A. He, Z. Wu, et  al., “Revisiting Various Mechanistic 
Approaches for Cellulose Dissolution in Different Solvent Systems: 
A Comprehensive Review,” International Journal of Biological 

Macromolecules 273 (2024): 133012, https://​doi.​org/​10.​1016/j.​ijbio​mac.​
2024.​133012.

95. C. T. O'Brien, T. Virtanen, S. Donets, et al., “Control of the Aqueous 
Solubility of Cellulose by Hydroxyl Group Substitution and Its Effect 
on Processing,” Polymer 223 (2021): 123681, https://​doi.​org/​10.​1016/j.​
polym​er.​2021.​123681.

96. E. Subbotina, F. Ram, S. V. Dvinskikh, L. A. Berglund, and P. Olsén, 
“Aqueous Synthesis of Highly Functional, Hydrophobic, and Chemically 
Recyclable Cellulose Nanomaterials Through Oxime Ligation,” Nature 
Communications 13, no. 1 (2022): 6924, https://​doi.​org/​10.​1038/​s4146​7-​
022-​34697​-​5.

97. Z. Lei, B. Chen, Y.-M. Koo, and D. R. MacFarlane, “Introduction: 
Ionic Liquids,” Chemical Reviews 117, no. 10 (2017): 6633–6635, https://​
doi.​org/​10.​1021/​acs.​chemr​ev.​7b00246.

98. R. Phadagi, S. Singh, H. Hashemi, et al., “Understanding the Role 
of Dimethylformamide as Co-Solvents in the Dissolution of Cellulose 
in Ionic Liquids: Experimental and Theoretical Approach,” Journal of 
Molecular Liquids 328 (2021): 115392, https://​doi.​org/​10.​1016/j.​molliq.​
2021.​115392.

99. B. Liu, Y. Li, Y. Yuan, et al., “Controllable Self-Assembly of Cellulose 
Nanospheres Through Phosphoric Acid Triggered Dissolution-
Regeneration and Degradation,” International Journal of Biological 
Macromolecules 243 (2023): 125119, https://​doi.​org/​10.​1016/j.​ijbio​mac.​
2023.​125119.

100. G. Chen, J. Yu, L. Wu, et al., “Fluorescent Small Molecule Donors,” 
Chemical Society Reviews 53 (2024): 6345–6398, https://​doi.​org/​10.​1039/​
D3CS0​0124E​.

101. D. J. A. Jenkins, L. S. A. Augustin, A. Malick, A. Esfahani, and C. W. 
C. Kendall, “Glucose: Chemistry and Dietary Sources,” in Encyclopedia 
of Human Nutrition, vol. 2–4 (Elsevier Inc., 2012), 372–380, https://​doi.​
org/​10.​1016/​B978-​0-​12-​37508​3-​9.​00133​-​1.

102. P. Kumar Gupta, S. S. Raghunath, D. V. Prasanna, et al., “An Update 
on Overview of Cellulose, Its Structure and Applications,” in Cellulose 
(IntechOpen, 2019), https://​doi.​org/​10.​5772/​intec​hopen.​84727​.

103. N. Asma, D. Ramadon, R. S. Alwi, and A. Mun'im, “Unraveling New 
Strategies of Natural Products Drug Development Using Deep Eutectic 
Solvents: A Comprehensive Review,” Journal of Molecular Liquids 436 
(2025): 128257, https://​doi.​org/​10.​1016/j.​molliq.​2025.​128257.

104. W. Deng, M. Jin, C. Fan, and R. Zhang, “Deep Eutectic Solvents 
for the Analysis of Antibiotics in Foods: Recent Advances, Green 
Perspectives and Future Directions,” Food Chemistry 494 (2025): 
146150, https://​doi.​org/​10.​1016/j.​foodc​hem.​2025.​146150.

105. S. Barani Pour, M. Dabbagh Hosseini pour, and J. J. Sardroodi, 
“Finite Particle Size Effects on Dynamic and Structural Properties of 
Deep Eutectic Solvents Based on Caprylic Acid: From a Perspective 
of Molecular Dynamics Simulation,” Results in Engineering 26 (2025): 
105363, https://​doi.​org/​10.​1016/j.​rineng.​2025.​105363.

106. E. L. Smith, A. P. Abbott, and K. S. Ryder, Deep Eutectic Solvents 
(DESs) and Their Applications (American Chemical Society, 2014), 
https://​doi.​org/​10.​1021/​cr300​162p.

107. M. Tudu and A. Samanta, Natural Polysaccharides: Chemical 
Properties and Application in Pharmaceutical Formulations (Elsevier 
Ltd, 2023), https://​doi.​org/​10.​1016/j.​eurpo​lymj.​2022.​111801.

108. S. S. de Jesus and R. M. Filho, “Recent Advances in Lipid Extraction 
Using Green Solvents,” Renewable and Sustainable Energy Reviews 133 
(2020): 110289, https://​doi.​org/​10.​1016/j.​rser.​2020.​110289.

109. H. Seddiqi, E. Oliaei, H. Honarkar, et  al., Cellulose and Its 
Derivatives: Towards Biomedical Applications (Springer Science and 
Business Media B.V, 2021), https://​doi.​org/​10.​1007/​s1057​0-​020-​03674​-​w.

110. M. Rathee and A. Misra, “Study of Microstructure, Carbonation 
Resistance, and Toxicity Leaching Characteristics of Hazardous Copper 
Slag Modified Geopolymer Concrete,” Process Safety and Environmental 

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/978-981-99-3307-5_5
https://doi.org/10.1007/978-981-99-3307-5_5
https://doi.org/10.1186/s40643-023-00640-9
https://doi.org/10.1186/s40643-023-00640-9
https://doi.org/10.1016/j.carbpol.2023.121665
https://doi.org/10.1007/s10570-025-06474-2
https://doi.org/10.1016/j.biortech.2016.12.049
https://doi.org/10.1016/j.cocis.2013.12.001
https://doi.org/10.1016/j.cocis.2013.12.001
https://doi.org/10.1021/acssuschemeng.0c02204
https://doi.org/10.1021/acssuschemeng.0c02204
https://doi.org/10.1007/s10570-016-1145-1
https://doi.org/10.1007/s10570-016-1145-1
https://doi.org/10.1039/C6RA28509K
https://doi.org/10.1039/C6RA28509K
https://doi.org/10.1016/j.ijbiomac.2024.130682
https://doi.org/10.1016/j.ijbiomac.2024.130682
https://doi.org/10.1021/ja408723a
https://doi.org/10.1016/B978-0-323-41533-0.00001-5
https://doi.org/10.1039/C8NR02278J
https://doi.org/10.1038/s41598-024-51404-0
https://doi.org/10.1038/s41598-024-51404-0
https://doi.org/10.1038/s44286-024-00034-4
https://doi.org/10.1016/j.ijbiomac.2024.133012
https://doi.org/10.1016/j.ijbiomac.2024.133012
https://doi.org/10.1016/j.polymer.2021.123681
https://doi.org/10.1016/j.polymer.2021.123681
https://doi.org/10.1038/s41467-022-34697-5
https://doi.org/10.1038/s41467-022-34697-5
https://doi.org/10.1021/acs.chemrev.7b00246
https://doi.org/10.1021/acs.chemrev.7b00246
https://doi.org/10.1016/j.molliq.2021.115392
https://doi.org/10.1016/j.molliq.2021.115392
https://doi.org/10.1016/j.ijbiomac.2023.125119
https://doi.org/10.1016/j.ijbiomac.2023.125119
https://doi.org/10.1039/D3CS00124E
https://doi.org/10.1039/D3CS00124E
https://doi.org/10.1016/B978-0-12-375083-9.00133-1
https://doi.org/10.1016/B978-0-12-375083-9.00133-1
https://doi.org/10.5772/intechopen.84727
https://doi.org/10.1016/j.molliq.2025.128257
https://doi.org/10.1016/j.foodchem.2025.146150
https://doi.org/10.1016/j.rineng.2025.105363
https://doi.org/10.1021/cr300162p
https://doi.org/10.1016/j.eurpolymj.2022.111801
https://doi.org/10.1016/j.rser.2020.110289
https://doi.org/10.1007/s10570-020-03674-w


18 of 20 Asia-Pacific Journal of Chemical Engineering, 2025

Protection 200 (2025): 107389, https://​doi.​org/​10.​1016/j.​psep.​2025.​
107389.

111. A. Farooq, X. Li, G. Pan, et  al., “Advancing Green Textile 
Modification With Deep Eutectic Solvents: From Solvent Design to 
Industrial Prospects,” Journal of Molecular Liquids 437 (2025): 128501, 
https://​doi.​org/​10.​1016/j.​molliq.​2025.​128501.

112. B. Lindman, G. Karlström, and L. Stigsson, “On the Mechanism of 
Dissolution of Cellulose,” Journal of Molecular Liquids 156, no. 1 (2010): 
76–81, https://​doi.​org/​10.​1016/j.​molliq.​2010.​04.​016.

113. Z. Lin, Z. Yang, L. Wu, et al., “Research Advances in Deep Eutectic 
Solvents for Tribology: Lubrication Performance, Mechanistic Insights, 
and Future Prospects,” Journal of Molecular Liquids 437 (2025): 128323, 
https://​doi.​org/​10.​1016/j.​molliq.​2025.​128323.

114. S.-L. Loo, P. Gunawan, and X. Hu, “Critical Comparison of 
Cellulose Dissolution Methods Through Life Cycle Analysis,” Journal 
of Environmental Chemical Engineering 13, no. 4 (2025): 117159, https://​
doi.​org/​10.​1016/j.​jece.​2025.​117159.

115. A. J. Burke, E. P. Carreiro, and H.-J. Federsel, “How Deep Eutectic 
Solvents Are Currently Shaping Organocatalytic and Enzymatic 
Asymmetric Catalysis,” RSC Sustainability 3, no. 9 (2025): 3883–3890, 
https://​doi.​org/​10.​1039/​D5SU0​0265F​.

116. C. Adu, C. Zhu, M. Jolly, R. M. Richardson, and S. J. Eichhorn, 
“Continuous and Sustainable Cellulose Filaments From Ionic Liquid 
Dissolved Paper Sludge Nanofibres,” Journal of Cleaner Production 280 
(2021): 124503, https://​doi.​org/​10.​1016/j.​jclep​ro.​2020.​124503.

117. Y. Liu, X. Liu, R. Li, Y. Feng, H. Zhang, and Y. Liang, “Deep Eutectic 
Solvents for Sustainable Protein Processing: Applications, Mechanisms, 
and Future Perspectives,” Food Chemistry 495 (2025): 146230, https://​
doi.​org/​10.​1016/j.​foodc​hem.​2025.​146230.

118. J. Shuai, X. Gao, J. Zhao, et al., “Dissolution and Regeneration of 
Cellulose Using Superbase-Based Dicarboxylic Ionic Liquids With 
Tailored Amphiphilicity,” Chemical Engineering Journal 495 (2024): 
153280, https://​doi.​org/​10.​1016/j.​cej.​2024.​153280.

119. D. Veselova, K. Barbayanov, A. Shishov, A. Bulatov, and I. 
Timofeeva, “Natural Deep Eutectic Solvent Based on Camphor and 
Citral as Effective and Safe Extractant for the Determination of 
Polycyclic Aromatic Hydrocarbons in Foods,” Talanta 298 (2026): 
128924, https://​doi.​org/​10.​1016/j.​talan​ta.​2025.​128924.

120. Y. Hao, J. Peng, Y. Ao, J. Li, and M. Zhai, “Radiation Effects on 
Microcrystalline Cellulose in 1-Butyl-3-Methylimidazolium Chloride 
Ionic Liquid,” Carbohydrate Polymers 90, no. 4 (2012): 1629–1633, 
https://​doi.​org/​10.​1016/j.​carbp​ol.​2012.​07.​042.

121. M. I. Uzochukwu, T. Oyegoke, R. O. Momoh, M. T. Isa, S. M. Shuwa, 
and B. Y. Jibril, “Computational Insights Into Deep Eutectic Solvent 
Design: Modeling Interactions and Thermodynamic Feasibility Using 
Choline Chloride & Glycerol,” Chemical Engineering Journal Advances 
16 (2023): 100564, https://​doi.​org/​10.​1016/j.​ceja.​2023.​100564.

122. A. G. M. Shoaib, S. Ragab, A. El Sikaily, M. Yılmaz, and A. El Nemr, 
“Thermodynamic, Kinetic, and Isotherm Studies of Direct Blue 86 Dye 
Absorption by Cellulose Hydrogel,” Scientific Reports 13, no. 1 (2023): 
5910, https://​doi.​org/​10.​1038/​s4159​8-​023-​33078​-​2.

123. J. A. Sánchez-Badillo, M. Gallo, J. G. Rutiaga-Quiñones, J. Garza, 
and P. López-Albarrán, “Insights on the Cellulose Pretreatment at 
Room Temperature by Choline-Chloride-Based Deep Eutectic Solvents: 
An Atomistic Study,” Cellulose 29, no. 12 (2022): 6517–6548, https://​doi.​
org/​10.​1007/​s1057​0-​022-​04671​-​x.

124. H. S. Hafid, F. N. Omar, J. Zhu, and M. Wakisaka, “Enhanced 
Crystallinity and Thermal Properties of Cellulose From Rice Husk 
Using Acid Hydrolysis Treatment,” Carbohydrate Polymers 260 (2021): 
117789, https://​doi.​org/​10.​1016/j.​carbp​ol.​2021.​117789.

125. J. Gao, X. Yang, Z. Xing, et  al., “Physicochemical and 
Thermodynamic Properties of Binary Amine-Based Deep Eutectic 

Solvents for Carbon Capture,” Journal of Molecular Liquids 399 (2024): 
124346, https://​doi.​org/​10.​1016/j.​molliq.​2024.​124346.

126. Q. Liu and S. Zhu, “Fractionation of Depectinated Sugar Beet Pulp 
Into Cellulose, Hemicellulose, and Lignin With NaOH/Urea/H2O and 
Ionic Liquid,” International Journal of Biological Macromolecules 242 
(2023): 124706, https://​doi.​org/​10.​1016/j.​ijbio​mac.​2023.​124706.

127. H. Wang, J. Li, X. Zeng, et al., “Extraction of Cellulose Nanocrystals 
Using a Recyclable Deep Eutectic Solvent,” Cellulose 27, no. 3 (2020): 
1301–1314, https://​doi.​org/​10.​1007/​s1057​0-​019-​02867​-​2.

128. Y. Hou, B. Zhang, M. Gao, S. Ren, and W. Wu, “Densities, Viscosities 
and Specific Heat Capacities of Deep Eutectic Solvents Composed of 
Ethanediol + Betaine and Ethanediol + L-Carnitine for Absorbing 
SO2,” Journal of Chemical Thermodynamics 179 (2023): 106999, https://​
doi.​org/​10.​1016/j.​jct.​2022.​106999.

129. W. Huang, X. Wu, J. Qi, et  al., “Ionic Liquids: Green and Tailor-
Made Solvents in Drug Delivery,” Drug Discovery Today 25, no. 5 (2020): 
901–908, https://​doi.​org/​10.​1016/j.​drudis.​2019.​09.​018.

130. Y. S. Khoo, T. C. Tjong, J. W. Chew, and X. Hu, “Techniques for 
Recovery and Recycling of Ionic Liquids: A Review,” Science of the Total 
Environment 922 (2024): 171238, https://​doi.​org/​10.​1016/j.​scito​tenv.​
2024.​171238.

131. P. A. Shah, V. Chavda, D. Hirpara, V. S. Sharma, P. S. Shrivastav, 
and S. Kumar, “Exploring the Potential of Deep Eutectic Solvents in 
Pharmaceuticals: Challenges and Opportunities,” Journal of Molecular 
Liquids 390 (2023): 123171, https://​doi.​org/​10.​1016/j.​molliq.​2023.​
123171.

132. P. Navard, F. Wendler, F. Meister, M. Bercea, and T. Budtova, 
“Preparation and Properties of Cellulose Solutions,” in The European 
Polysaccharide Network of Excellence (EPNOE) (Springer Vienna, 2012), 
91–152, https://​doi.​org/​10.​1007/​978-​3-​7091-​0421-​7_​5.

133. J. Wu, Y. Wang, P. Jiang, X. Wang, X. Jia, and F. Zhou, “Multiple 
Hydrogen-Bonding Induced Nonconventional Red Fluorescence 
Emission in Hydrogels,” Nature Communications 15, no. 1 (2024): 3482, 
https://​doi.​org/​10.​1038/​s4146​7-​024-​47880​-​7.

134. B. Xiong, P. Zhao, K. Hu, L. Zhang, and G. Cheng, “Dissolution of 
Cellulose in Aqueous NaOH/Urea Solution: Role of Urea,” Cellulose 21, 
no. 3 (2014): 1183–1192, https://​doi.​org/​10.​1007/​s1057​0-​014-​0221-​7.

135. I. S. F. Mendes, A. Prates, and D. V. Evtuguin, “Production of 
Rayon Fibres From Cellulosic Pulps: State of the Art and Current 
Developments,” Carbohydrate Polymers 273 (2021): 118466, https://​doi.​
org/​10.​1016/j.​carbp​ol.​2021.​118466.

136. Y. Ma, Y. Yang, T. Li, S. Hussain, and M. Zhu, “Deep Eutectic 
Solvents as an Emerging Green Platform for the Synthesis of Functional 
Materials,” Green Chemistry 26, no. 7 (2024): 3627–3669, https://​doi.​org/​
10.​1039/​D3GC0​4289H​.

137. T. El Achkar, H. Greige-Gerges, and S. Fourmentin, “Basics and 
Properties of Deep Eutectic Solvents: A Review,” Environmental 
Chemistry Letters 19, no. 4 (2021): 3397–3408, https://​doi.​org/​10.​1007/​
s1031​1-​021-​01225​-​8.

138. F. M. Perna, P. Vitale, and V. Capriati, “Deep Eutectic Solvents and 
Their Applications as Green Solvents,” Current Opinion in Green and 
Sustainable Chemistry 21 (2020): 27–33, https://​doi.​org/​10.​1016/j.​cogsc.​
2019.​09.​004.

139. J. Wei, Y. Long, T. Li, H. Gao, and Y. Nie, “Exploring Hydrogen-
Bond Structures in Cellulose During Regeneration With Anti-Solvent 
Through Two-Dimensional Correlation Infrared Spectroscopy,” 
International Journal of Biological Macromolecules 267 (2024): 131204, 
https://​doi.​org/​10.​1016/j.​ijbio​mac.​2024.​131204.

140. Y. Chen, H.-Y. Yu, and Y. Li, “Highly Efficient and Superfast 
Cellulose Dissolution by Green Chloride Salts and Its Dissolution 
Mechanism,” ACS Sustainable Chemistry & Engineering 8, no. 50 (2020): 
18446–18454, https://​doi.​org/​10.​1021/​acssu​schem​eng.​0c05788.

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.psep.2025.107389
https://doi.org/10.1016/j.psep.2025.107389
https://doi.org/10.1016/j.molliq.2025.128501
https://doi.org/10.1016/j.molliq.2010.04.016
https://doi.org/10.1016/j.molliq.2025.128323
https://doi.org/10.1016/j.jece.2025.117159
https://doi.org/10.1016/j.jece.2025.117159
https://doi.org/10.1039/D5SU00265F
https://doi.org/10.1016/j.jclepro.2020.124503
https://doi.org/10.1016/j.foodchem.2025.146230
https://doi.org/10.1016/j.foodchem.2025.146230
https://doi.org/10.1016/j.cej.2024.153280
https://doi.org/10.1016/j.talanta.2025.128924
https://doi.org/10.1016/j.carbpol.2012.07.042
https://doi.org/10.1016/j.ceja.2023.100564
https://doi.org/10.1038/s41598-023-33078-2
https://doi.org/10.1007/s10570-022-04671-x
https://doi.org/10.1007/s10570-022-04671-x
https://doi.org/10.1016/j.carbpol.2021.117789
https://doi.org/10.1016/j.molliq.2024.124346
https://doi.org/10.1016/j.ijbiomac.2023.124706
https://doi.org/10.1007/s10570-019-02867-2
https://doi.org/10.1016/j.jct.2022.106999
https://doi.org/10.1016/j.jct.2022.106999
https://doi.org/10.1016/j.drudis.2019.09.018
https://doi.org/10.1016/j.scitotenv.2024.171238
https://doi.org/10.1016/j.scitotenv.2024.171238
https://doi.org/10.1016/j.molliq.2023.123171
https://doi.org/10.1016/j.molliq.2023.123171
https://doi.org/10.1007/978-3-7091-0421-7_5
https://doi.org/10.1038/s41467-024-47880-7
https://doi.org/10.1007/s10570-014-0221-7
https://doi.org/10.1016/j.carbpol.2021.118466
https://doi.org/10.1016/j.carbpol.2021.118466
https://doi.org/10.1039/D3GC04289H
https://doi.org/10.1039/D3GC04289H
https://doi.org/10.1007/s10311-021-01225-8
https://doi.org/10.1007/s10311-021-01225-8
https://doi.org/10.1016/j.cogsc.2019.09.004
https://doi.org/10.1016/j.cogsc.2019.09.004
https://doi.org/10.1016/j.ijbiomac.2024.131204
https://doi.org/10.1021/acssuschemeng.0c05788


19 of 20Asia-Pacific Journal of Chemical Engineering, 2025

141. S. Khandelwal, Y. K. Tailor, and M. Kumar, “Deep Eutectic Solvents 
(DESs) as Eco-Friendly and Sustainable Solvent/Catalyst Systems in 
Organic Transformations,” Journal of Molecular Liquids 215 (2016): 
345–386, https://​doi.​org/​10.​1016/j.​molliq.​2015.​12.​015.

142. H. V. D. Nguyen, R. De Vries, and S. D. Stoyanov, “Natural Deep 
Eutectics as a ‘Green’ Cellulose Cosolvent,” ACS Sustainable Chemistry 
& Engineering 8, no. 37 (2020): 14166–14178, https://​doi.​org/​10.​1021/​
acssu​schem​eng.​0c04982.

143. K. Zhou, X. Dai, P. Li, et al., “Recent Advances in Deep Eutectic 
Solvents for Next-Generation Lithium Batteries: Safer and Greener,” 
Progress in Materials Science 146 (2024): 101338, https://​doi.​org/​10.​
1016/j.​pmats​ci.​2024.​101338.

144. A. Isci and M. Kaltschmitt, “Recovery and Recycling of Deep 
Eutectic Solvents in Biomass Conversions: A Review,” Biomass 
Conversion and Biorefinery 12, no. S1 (2022): 197–226, https://​doi.​org/​
10.​1007/​s1339​9-​021-​01860​-​9.

145. Y. Zhong, J. Wu, H. Kang, and R. Liu, “Choline Hydroxide Based 
Deep Eutectic Solvent for Dissolving Cellulose,” Green Chemistry 24, 
no. 6 (2022): 2464–2475, https://​doi.​org/​10.​1039/​D1GC0​4130D​.

146. C. C. Okwuwa, F. Adam, M. E. Ries, F. Mohd Said, and S. O. 
Olunusi, “Carrageenan Hard Capsules Reinforced With Cellulose 
Nanocrystals Dissolved in Deep Eutectic Solvent and Hydroxypropyl 
Methylcellulose,” Food Biomacromolecules 2, no. 3 (2025): 390–402, 
https://​doi.​org/​10.​1002/​fob2.​70024​.

147. L. Zhang, C. Zhang, Y. Ma, X. Zhao, and X. Zhang, “Lignocellulose 
Pretreatment by Deep Eutectic Solvent and Water Binary System for 
Enhancement of Lignin Extraction and Cellulose Saccharification,” 
Industrial Crops and Products 211 (2024): 118257, https://​doi.​org/​10.​
1016/j.​indcr​op.​2024.​118257.

148. A. F. Monroy, G. A. Caicedo, J. J. Martínez, and G. P. Romanelli, 
“Utilization of Deep Eutectic Solvents in the Production of High-Value 
Compounds From Biomass,” Biofuels, Bioproducts and Biorefining 18, 
no. 5 (2024): 1821–1865, https://​doi.​org/​10.​1002/​bbb.​2651.

149. Y. Feng, G. Liu, H. Sun, et al., “A Novel Strategy to Intensify the 
Dissolution of Cellulose in Deep Eutectic Solvents by Partial Chemical 
Bonding,” BioResources 17, no. 3 (2022): 4167–4185, https://​doi.​org/​10.​
15376/​​biores.​17.3.​4167-​4185.

150. K. Heise, E. Kontturi, Y. Allahverdiyeva, et  al., “Nanocellulose: 
Recent Fundamental Advances and Emerging Biological and 
Biomimicking Applications,” Advanced Materials 33, no. 3 (2021): 
e2004349, https://​doi.​org/​10.​1002/​adma.​20200​4349.

151. J. George and S. N. Sabapathi, “Cellulose Nanocrystals: Synthesis, 
Functional Properties, and Applications,” Nanotechnology, Science and 
Applications 8 (2015): 45–54, https://​doi.​org/​10.​2147/​NSA.​S64386.

152. Q. Wang, S. Liu, J. Liu, J. Sun, Z. Zhang, and Q. Zhu, “Sustainable 
Cellulose Nanomaterials for Environmental Remediation - Achieving 
Clean Air, Water, and Energy: A Review,” Carbohydrate Polymers 285 
(2022): 119251, https://​doi.​org/​10.​1016/j.​carbp​ol.​2022.​119251.

153. M. Erakca, M. Baumann, C. Helbig, and M. Weil, “Systematic 
Review of Scale-Up Methods for Prospective Life Cycle Assessment 
of Emerging Technologies,” Journal of Cleaner Production 451 (2024): 
142161, https://​doi.​org/​10.​1016/j.​jclep​ro.​2024.​142161.

154. K. Binnemans and P. T. Jones, “Ionic Liquids and Deep-Eutectic 
Solvents in Extractive Metallurgy: Mismatch Between Academic Research 
and Industrial Applicability,” Journal of Sustainable Metallurgy 9, no. 2 
(2023): 423–438, https://​doi.​org/​10.​1007/​s4083​1-​023-​00681​-​6.

155. T. Kamalesh, P. S. Kumar, R. V. Hemavathy, and G. Rangasamy, “A 
Critical Review on Sustainable Cellulose Materials and Its Multifaceted 
Applications,” Industrial Crops and Products 203 (2023): 117221, https://​
doi.​org/​10.​1016/j.​indcr​op.​2023.​117221.

156. I. Bashir, A. H. Dar, K. K. Dash, et al., “Deep Eutectic Solvents for 
Extraction of Functional Components From Plant-Based Products: A 

Promising Approach,” Sustainable Chemistry and Pharmacy 33 (2023): 
101102, https://​doi.​org/​10.​1016/j.​scp.​2023.​101102.

157. X. Li, C. Wan, T. Tao, et  al., “An Overview of the Development 
Status and Applications of Cellulose-Based Functional Materials,” 
Cellulose 31, no. 1 (2024): 61–99, https://​doi.​org/​10.​1007/​s1057​0-​023-​
05616​-​8.

158. S. Liu, Z. Tian, X.-X. Ji, and M.-G. Ma, “Preparation and 
Modification of Nanocellulose Using Deep Eutectic Solvents and Their 
Applications,” Cellulose 31, no. 4 (2024): 2175–2205, https://​doi.​org/​10.​
1007/​s1057​0-​024-​05738​-​7.

159. P. Parajuli, S. Acharya, S. S. Rumi, M. T. Hossain, and N. Abidi, 
“Regenerated Cellulose in Textiles: Rayon, Lyocell, Modal and Other 
Fibres,” in Fundamentals of Natural Fibres and Textiles (Elsevier, 2021), 
87–110, https://​doi.​org/​10.​1016/​B978-​0-​12-​82148​3-​1.​00015​-​2.

160. T. Kim, D. Kim, and Y. Park, “Recent Progress in Regenerated 
Fibers for ‘Green’ Textile Products,” Journal of Cleaner Production 376 
(2022): 134226, https://​doi.​org/​10.​1016/j.​jclep​ro.​2022.​134226.

161. K. Moriam, D. Sawada, K. Nieminen, et al., “Towards Regenerated 
Cellulose Fibers With High Toughness,” Cellulose 28, no. 15 (2021): 
9547–9566, https://​doi.​org/​10.​1007/​s1057​0-​021-​04134​-​9.

162. J. B. González-Campos, A. Pérez-Nava, M. Valle-Sánchez, and L. 
H. Delgado-Rangel, “Deep Eutectic Solvents Applications Aligned to 
2030 United Nations Agenda for Sustainable Development,” Chemical 
Engineering and Processing - Process Intensification 199 (2024): 109751, 
https://​doi.​org/​10.​1016/j.​cep.​2024.​109751.

163. T. Li, C. Chen, A. H. Brozena, et  al., “Developing Fibrillated 
Cellulose as a Sustainable Technological Material,” Nature 590, no. 
7844 (2021): 47–56, https://​doi.​org/​10.​1038/​s4158​6-​020-​03167​-​7.

164. X. Zhao, Y. Wang, X. Chen, et  al., “Sustainable Bioplastics 
Derived From Renewable Natural Resources for Food Packaging,” 
Matter 6, no. 1 (2023): 97–127, https://​doi.​org/​10.​1016/j.​matt.​2022.​
11.​006.

165. A. R. Bergeson, A. J. Silvera, and H. S. Alper, “Bottlenecks in 
Biobased Approaches to Plastic Degradation,” Nature Communications 
15, no. 1 (2024): 4715, https://​doi.​org/​10.​1038/​s4146​7-​024-​49146​-​8.

166. N. A. Ramli, F. Adam, M. E. Ries, and S. F. Ibrahim, “DES-
Ultrasonication Treatment of Cellulose Nanocrystals and the 
Reinforcement in Carrageenan Biocomposite,” International Journal of 
Biological Macromolecules 270 (2024): 132385, https://​doi.​org/​10.​1016/j.​
ijbio​mac.​2024.​132385.

167. H. M. C. Azeredo, M. F. Rosa, and L. H. C. Mattoso, “Nanocellulose 
in Bio-Based Food Packaging Applications,” Industrial Crops and 
Products 97 (2017): 664–671, https://​doi.​org/​10.​1016/j.​indcr​op.​2016.​
03.​013.

168. W. Cheng, Y. Zhu, G. Jiang, et  al., “Sustainable Cellulose and 
Its Derivatives for Promising Biomedical Applications,” Progress in 
Materials Science 138 (2023): 101152, https://​doi.​org/​10.​1016/j.​pmats​ci.​
2023.​101152.

169. X. Yan, H. Huang, A. M. Bakry, W. Wu, X. Liu, and F. Liu, 
“Advances in Enhancing the Mechanical Properties of Biopolymer 
Hydrogels via Multi-Strategic Approaches,” International Journal of 
Biological Macromolecules 272 (2024): 132583, https://​doi.​org/​10.​1016/j.​
ijbio​mac.​2024.​132583.

170. N. R. Khan, T. Sharmin, and A. Bin Rashid, “Exploring the 
Versatility of Aerogels: Broad Applications in Biomedical Engineering, 
Astronautics, Energy Storage, Biosensing, and Current Progress,” 
Heliyon 10, no. 1 (2024): e23102, https://​doi.​org/​10.​1016/j.​heliy​on.​2023.​
e23102.

171. M. F. Ahmer and Q. Ullah, “Development and Applications of Deep 
Eutectic Solvents in Different Chromatographic Techniques,” JPC—
Journal of Planar Chromatography – Modern TLC 35, no. 6 (2022): 549–
570, https://​doi.​org/​10.​1007/​s0076​4-​022-​00216​-​x.

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.molliq.2015.12.015
https://doi.org/10.1021/acssuschemeng.0c04982
https://doi.org/10.1021/acssuschemeng.0c04982
https://doi.org/10.1016/j.pmatsci.2024.101338
https://doi.org/10.1016/j.pmatsci.2024.101338
https://doi.org/10.1007/s13399-021-01860-9
https://doi.org/10.1007/s13399-021-01860-9
https://doi.org/10.1039/D1GC04130D
https://doi.org/10.1002/fob2.70024
https://doi.org/10.1016/j.indcrop.2024.118257
https://doi.org/10.1016/j.indcrop.2024.118257
https://doi.org/10.1002/bbb.2651
https://doi.org/10.15376/biores.17.3.4167-4185
https://doi.org/10.15376/biores.17.3.4167-4185
https://doi.org/10.1002/adma.202004349
https://doi.org/10.2147/NSA.S64386
https://doi.org/10.1016/j.carbpol.2022.119251
https://doi.org/10.1016/j.jclepro.2024.142161
https://doi.org/10.1007/s40831-023-00681-6
https://doi.org/10.1016/j.indcrop.2023.117221
https://doi.org/10.1016/j.indcrop.2023.117221
https://doi.org/10.1016/j.scp.2023.101102
https://doi.org/10.1007/s10570-023-05616-8
https://doi.org/10.1007/s10570-023-05616-8
https://doi.org/10.1007/s10570-024-05738-7
https://doi.org/10.1007/s10570-024-05738-7
https://doi.org/10.1016/B978-0-12-821483-1.00015-2
https://doi.org/10.1016/j.jclepro.2022.134226
https://doi.org/10.1007/s10570-021-04134-9
https://doi.org/10.1016/j.cep.2024.109751
https://doi.org/10.1038/s41586-020-03167-7
https://doi.org/10.1016/j.matt.2022.11.006
https://doi.org/10.1016/j.matt.2022.11.006
https://doi.org/10.1038/s41467-024-49146-8
https://doi.org/10.1016/j.ijbiomac.2024.132385
https://doi.org/10.1016/j.ijbiomac.2024.132385
https://doi.org/10.1016/j.indcrop.2016.03.013
https://doi.org/10.1016/j.indcrop.2016.03.013
https://doi.org/10.1016/j.pmatsci.2023.101152
https://doi.org/10.1016/j.pmatsci.2023.101152
https://doi.org/10.1016/j.ijbiomac.2024.132583
https://doi.org/10.1016/j.ijbiomac.2024.132583
https://doi.org/10.1016/j.heliyon.2023.e23102
https://doi.org/10.1016/j.heliyon.2023.e23102
https://doi.org/10.1007/s00764-022-00216-x


20 of 20 Asia-Pacific Journal of Chemical Engineering, 2025

172. D. Pradhan, A. K. Jaiswal, and S. Jaiswal, “Emerging Technologies 
for the Production of Nanocellulose From Lignocellulosic Biomass,” 
Carbohydrate Polymers 285 (2022): 119258, https://​doi.​org/​10.​1016/j.​
carbp​ol.​2022.​119258.

173. M. M. Ansari, Y. Heo, K. Do, M. Ghosh, and Y.-O. Son, 
“Nanocellulose Derived From Agricultural Biowaste By-Products–
Sustainable Synthesis, Biocompatibility, Biomedical Applications, and 
Future Perspectives: A Review,” Carbohydrate Polymer Technologies 
and Applications 8 (2024): 100529, https://​doi.​org/​10.​1016/j.​carpta.​
2024.​100529.

174. Y.-L. Chen, X. Zhang, T.-T. You, and F. Xu, “Deep Eutectic Solvents 
(DESs) for Cellulose Dissolution: A Mini-Review,” Cellulose 26, no. 1 
(2019): 205–213, https://​doi.​org/​10.​1007/​s1057​0-​018-​2130-​7.

175. A. S. Norfarhana, R. A. Ilyas, N. Ngadi, M. H. D. Othman, M. S. 
M. Misenan, and M. N. F. Norrrahim, “Revolutionizing Lignocellulosic 
Biomass: A Review of Harnessing the Power of Ionic Liquids for 
Sustainable Utilization and Extraction,” International Journal of 
Biological Macromolecules 256 (2024): 128256, https://​doi.​org/​10.​1016/j.​
ijbio​mac.​2023.​128256.

176. S. Y. Lee, R. Sankaran, K. W. Chew, et al., “Waste to Bioenergy: A 
Review on the Recent Conversion Technologies,” BMC Energy 1, no. 1 
(2019): 4, https://​doi.​org/​10.​1186/​s4250​0-​019-​0004-​7.

177. F. Armandsefat, S. Hamzehzadeh, N. Azizi, and S. Hosseini, “Deep 
Eutectic Solvents as Sustainable and Extraordinary All-in-One Systems 
for Oxidative Desulfurization,” Journal of Molecular Liquids 410 (2024): 
125560, https://​doi.​org/​10.​1016/j.​molliq.​2024.​125560.

178. A. Pandey, “Pharmaceutical and Biomedical Applications of 
Cellulose Nanofibers: A Review,” Environmental Chemistry Letters 19, 
no. 3 (2021): 2043–2055, https://​doi.​org/​10.​1007/​s1031​1-​021-​01182​-​2.

179. A Green Solvent for the Scalable Production of Cellulose 
Nanofibres,” Nature Sustainability 7, no. 3 (2024): 236–237, https://​doi.​
org/​10.​1038/​s4189​3-​024-​01268​-​z.

180. A. P. M. Velenturf and P. Purnell, “Principles for a Sustainable 
Circular Economy,” Sustainable Production and Consumption 27 (2021): 
1437–1457, https://​doi.​org/​10.​1016/j.​spc.​2021.​02.​018.

181. X. Wang, T. You, W. Zheng, X. Li, S. Chen, and F. Xu, “Efficient 
Fabrication of Cellulose Nanofibers With Novel Superbase-Derived 
Ionic Liquid/Co-Solvents: Rapid Cellulose Dissolution and Improved 
Solution Electrospinnability,” Chemical Engineering Journal 483 (2024): 
148841, https://​doi.​org/​10.​1016/j.​cej.​2024.​148841.

182. T. D. Smith, D. M. DeJoy, and M.-A. Dyal, “Safety Specific 
Transformational Leadership, Safety Motivation and Personal 
Protective Equipment Use Among Firefighters,” Safety Science 131 
(2020): 104930, https://​doi.​org/​10.​1016/j.​ssci.​2020.​104930.

183. R. M. Van Tuyl, “Industrial Safety: Factors That Present Barriers 
to Reporting Workplace Incidents and Contribute to Cultures of Non-
Reporting,” www.​inqui​riesj​ournal.​com/​print?​id=​1904#​http://​www.​
inqui​riesj​ournal.​com/a?​id=​1904.

184. Y. Son and S. Bae, “Study on Fume Hood Improvements for 
Energy Savings and Minimum Face Velocity,” Journal of Machine and 
Computing 4 (2024): 669–682, https://​doi.​org/​10.​53759/​​7669/​jmc20​
2404064.

185. J. N. Walpert, N. L. Guinasso, and L. L. Lee, “Texas Automated 
Buoy System Sustainable Ocean Observations to Help Protect the 
Environment,” http://​tabs.​gerg.​tamu.​edu/​tglo.

186. N. Madhivanan, P. D. Nivean, V. Singh, H. Singh, M. Arthi, and V. 
G. Madanagopalan, “Long Term Surgical Results and Safety Profile of 
the Novel CM T Flex Scleral Fixated Intraocular Lens,” International 
Ophthalmology 44, no. 1 (2024): 327, https://​doi.​org/​10.​1007/​s1079​2-​
024-​03167​-​w.

187. J. A. Lane and T. R. Hull, “Variation of Flammability and Smoke 
Toxicity of Upholstered Furniture Composites With Fire Retardant 

Treatment,” Journal of Materials Science and Technology 202 (2024): 
140–151, https://​doi.​org/​10.​1016/j.​jmst.​2024.​02.​034.

188. C. Benson, I. C. Obasi, D. V. Akinwande, and C. Ile, “The Impact 
of Interventions on Health, Safety and Environment in the Process 
Industry,” Heliyon 10, no. 1 (2024): e23604, https://​doi.​org/​10.​1016/j.​
heliy​on.​2023.​e23604.

 19322143, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.70182 by M

ichael R
ies - U

niversity O
f L

eeds B
rotherton , W

iley O
nline L

ibrary on [09/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.carbpol.2022.119258
https://doi.org/10.1016/j.carbpol.2022.119258
https://doi.org/10.1016/j.carpta.2024.100529
https://doi.org/10.1016/j.carpta.2024.100529
https://doi.org/10.1007/s10570-018-2130-7
https://doi.org/10.1016/j.ijbiomac.2023.128256
https://doi.org/10.1016/j.ijbiomac.2023.128256
https://doi.org/10.1186/s42500-019-0004-7
https://doi.org/10.1016/j.molliq.2024.125560
https://doi.org/10.1007/s10311-021-01182-2
https://doi.org/10.1038/s41893-024-01268-z
https://doi.org/10.1038/s41893-024-01268-z
https://doi.org/10.1016/j.spc.2021.02.018
https://doi.org/10.1016/j.cej.2024.148841
https://doi.org/10.1016/j.ssci.2020.104930
http://www.inquiriesjournal.com/print?id=1904#http://www.inquiriesjournal.com/a?id=1904
http://www.inquiriesjournal.com/print?id=1904#http://www.inquiriesjournal.com/a?id=1904
https://doi.org/10.53759/7669/jmc202404064
https://doi.org/10.53759/7669/jmc202404064
http://tabs.gerg.tamu.edu/tglo
https://doi.org/10.1007/s10792-024-03167-w
https://doi.org/10.1007/s10792-024-03167-w
https://doi.org/10.1016/j.jmst.2024.02.034
https://doi.org/10.1016/j.heliyon.2023.e23604
https://doi.org/10.1016/j.heliyon.2023.e23604

	Mechanistic Insights Into Cellulose Dissolution in Solvents for Advanced Industrial Applications: A Systematic and Bibliometric Review
	ABSTRACT
	1   |   Introduction
	2   |   Bibliometrics on Cellulose Dissolution and Modification in General Solvents
	3   |   Cellulose Dissolution in Conventional Solvents and the DES
	4   |   Applications of Cellulose Dissolved in the DES
	5   |   Safety Measures in Cellulose Dissolution
	6   |   Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


