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including biomedical, environmental, and industrial sectors. These hydrogels are
synthesized from cellulose, a renewable natural polymer, and exhibit significant water
retention, making them suitable for use in drug delivery systems, wound healing, tissue
engineering, and environmental remediation. This review provides a concise summary
of the synthesis, properties, applications, and recent advancements in micro cellulose
hydrogel technology, emphasizing their potential future developments.

INTRODUCTION

Microcellulose hydrogels have become a
significant focus of scientific research due to their
versatility in numerous fields. Cellulose, a
biopolymer derived from plant fibers, is one of the
most abundant organic compounds on Earth.
When processed into hydrogel form, it exhibits
desirable properties such as high water retention,
biocompatibility, and biodegradability, which are
essential for applications in biomedicine and the
environment (Li et al., 2020). The increasing
demand for sustainable, eco-friendly materials has
made cellulose-based hydrogels a promising
alternative to synthetic polymers. The preparation
of microcellulose hydrogels typically involves the

chemical modification of cellulose to crosslink it
into a three-dimensional network, which can retain
large amounts of water while maintaining
structural integrity. These hydrogels have proven
useful in various areas, including wound healing,
drug  delivery, tissue scaffolding, and
environmental remediation (Goh et al., 2019). The
following sections provide a detailed overview of
the synthesis, properties, and applications of micro
cellulose  hydrogels, as well as recent
advancements in the field.
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2. Synthesis of Microcellulose Hydrogels

The synthesis of microcellulose hydrogels
primarily involves the modification of cellulose to
enhance its solubility, crosslinking, and network
formation. Cellulose, in its natural state, is not
soluble in water and requires chemical treatments
to make it suitable for hydrogel formation
(Chakraborty et al., 2020). Common methods
include  esterification,  etherification, and
crosslinking  with  various agents. These
modifications allow the cellulose to form a three-
dimensional network capable of retaining water
and providing the hydrogel with its characteristic
properties. Several crosslinking agents have been
used in the synthesis of microcellulose hydrogels,
including glutaraldehyde, epichlorohydrin, and
other chemical agents (Jiang et al., 2015). These
crosslinking agents help to form a stable, strong
hydrogel network while controlling properties
such as swelling behavior and mechanical
strength.  Additionally, physical crosslinking
methods such as freeze-thaw cycles or ionically-
induced gelation are also employed (Figueiredo et
al., 2015). Nanoparticles, such as silver and gold
nanoparticles, have been incorporated into
cellulose-based hydrogels to enhance their
antibacterial properties (Zhang et al., 2018). These
hybrid  hydrogels  demonstrate  improved
mechanical properties, biocompatibility, and
enhanced functionality in biomedical applications
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such as wound healing and tissue engineering (Li
et al., 2020).

3. Properties of Micro cellulose Hydrogels

The properties of micro cellulose hydrogels are
determined by factors such as the degree of
crosslinking, cellulose source, and the presence of
additives. Some of the most notable properties
include:

o Water Retention Capacity: Micro cellulose
hydrogels have an exceptional ability to retain
water, which is essential for applications in
drug delivery and wound healing (Zhao et al.,
2020). Their swelling behavior is highly
tunable based on the degree of crosslinking
and the chemical composition of the cellulose.

e Mechanical Strength: The mechanical
properties of microcellulose hydrogels can be
tailored to suit specific applications. The
addition of crosslinking agents and
nanoparticles can improve the hydrogel’s
tensile strength and elasticity, making it more
suitable for biomedical applications (Gupta et
al., 2019).

o Biodegradability: One of the main advantages
of cellulose-based hydrogels is their
biodegradability. Unlike synthetic polymers,
which persist in the environment for a long
time, microcellulose hydrogels degrade
naturally and are environmentally friendly
(Kumar et al., 2019).

e Biocompatibility: Microcellulose hydrogels
are biocompatible and have minimal
cytotoxicity, making them ideal for medical
and biomedical applications, such as drug
delivery, wound healing, and tissue
engineering (Dong et al., 2020).

4. Applications of Microcellulose Hydrogels
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4.1 Biomedical Applications

Microcellulose hydrogels are widely utilized in
biomedical fields due to their unique properties.
Their high water retention and ability to absorb
nutrients make them ideal for controlled drug
release applications. These hydrogels can
encapsulate drugs, allowing for sustained and
controlled release over a period of time
(Figueiredo et al., 2015). This is particularly
beneficial for treating chronic diseases, where a
continuous release of medication is required.
Additionally, microcellulose hydrogels are used in
wound care. Their moisture-retentive properties

help to maintain a moist wound environment,
which is critical for faster healing and preventing
infection (Liu et al., 2017). The hydrogels can also
be loaded with antimicrobial agents to promote
wound healing and reduce the risk of bacterial
infection. In tissue engineering, microcellulose
hydrogels serve as scaffolds for cell growth and
tissue regeneration. These hydrogels mimic the
natural extracellular matrix, providing a
supportive environment for the growth of various
cell types (Chakraborty et al., 2020). This makes
them highly valuable for applications such as skin
regeneration, bone tissue engineering, and
cartilage repair

Table 1 — Materials, techniques and applications used in the preparation of hydrogels.

Material

Technique (s)

Application (s) Reference (s)

Gum arabic
Polyethylene glycaol (PEG) Chemical crosslinking

Fhoto-polymerization

Free-radical polymerization

Gamma-radiation

Hydroxyethyl cellulose (HEC) Chemical crosslinking

Free-radical polymerization

Grafting

Freeze-thaw
Chemical crosslinking
Chemical crosslinking
Copolymerization
Chemiceal crosslinking
Gamma radiation
Chemical crosslinking
Grafting

Radiation

Chemical crosslinking
Chemical crosslinking
Chemical crosslinking
Chemical crosslinking
Photocrosslinking
Pre-polymerization
Freeze-thaw

Radical polymerization
Freeze-thaw
Freeze-thaw
Freeze-thaw
Freeze-thaw
Freeze-thaw
Radiation-induced
Radiation-induced
Photo-polymerization
Fhoto-polymerization

Carboxymethyl cellulose (CMC)

Hydroxypropyl methyleellulose (HPMC)

Hydroxypropyl cellulose (HPC)

Starch

Polyvinyl aleohol (PVA)

Sterculia gum
Polyacryl amide
Chitosan

Photo-induced radical polymerization

Self-healing hydrogel [4]
Drug delivery 3]
Implants (E]]
Scaffolds [10]
Scaffolds I11]
Wound dressing 112]
Self-healing 113]
Bacteriostasis 114]
Enzyme immebilization [15a]
Drug carrier agent [16]
Hydrogel beads 117]
Dye removal [18]
Anti-counterfeiting and labelling [19]
Hemostat hydrogel [20]
Photoluminescent [21]
Metal ions removal 122]
Scaffolds [23]
Controlled release [244]
Drug delivery [25]
Thermoresponsive hydrogel [26]
Thermoresponsive hydrogel [27]
Biomedical [28]
Anti-fouling [29]
Biomedical [30]
Wound dressing 131]
Biomedical [24b]
Biomedical 132]
Drug release 33]
Radome materials 134]
Regenerative medicines [35]
Biomedical [36]
Apgriculture 137]
Biomedical [24¢]
Tissue adhesive 38]

Fig.2:- Material, techniques and applications used in the preparation of hydrogel.

4.2 Environmental Applications

Microcellulose hydrogels also find applications in
environmental remediation. Their high surface
area and water absorption properties make them
effective at removing pollutants and heavy metals
from water. Studies have shown that cellulose-
based hydrogels can adsorb pollutants like dyes,
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heavy metals, and other contaminants, making
them useful in wastewater treatment and
environmental cleanup (Zhang et al., 2020).
Furthermore, these hydrogels can be used in
agricultural applications, such as soil moisture
retention and controlled release of fertilizers,
which helps in reducing water usage and
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promoting sustainable agriculture (Dong et al.,
2020).

5. Recent Advancements and Future Directions

Recent advancements in microcellulose hydrogel
technology have focused on enhancing their
mechanical strength, functionality, and scalability.
Researchers have explored the incorporation of
nanoparticles, such as silver, gold, and magnetic
particles, into cellulose-based hydrogels to
improve their performance (Li et al., 2020). These
hybrid hydrogels offer enhanced antibacterial
properties, mechanical strength, and the ability to
respond to external stimuli, making them suitable
for applications in drug delivery, wound healing,
and bio sensing. Another significant advancement
is the development of "smart™ hydrogels, which
respond to external stimuli such as temperature,
pH, or light. These hydrogels can release their
cargo in a controlled manner in response to
specific environmental conditions, making them
ideal for responsive drug delivery systems (Zhao
et al, 2020). Additionally, 3D printing
technologies have enabled the creation of
complex, customized cellulose-based hydrogel
structures, which opens up new possibilities for
their use in personalized medicine and tissue
engineering (Gupta et al.,, 2019). Despite the
promising advancements, there are still challenges
in scaling up the synthesis of microcellulose
hydrogels for industrial applications. Future
research may focus on optimizing the synthesis
processes to reduce costs and improve the
efficiency of production. Moreover, there is a need
for further investigation into the long-term
stability and biodegradability of these hydrogels,
particularly in environmental applications.

6. CONCLUSION

Microcellulose hydrogels are a versatile and eco-
friendly material with a wide range of applications
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in biomedicine, environmental remediation, and
beyond. Their synthesis, properties, and
applications have been extensively studied, and
recent advancements have shown great promise in
improving their functionality and expanding their
use. The ongoing research into smart hydrogels,
3D printing, and nanomaterial incorporation
further enhances their potential. However,
challenges remain in terms of scalability and long-
term performance, which should be addressed in
future studies. Overall, microcellulose hydrogels
hold tremendous potential for sustainable and
innovative applications in various fields.
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