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Abstract: As an emerging nanofiber material, nanocellulose not only retains the properties of cellulose itself, but also has the properties of 

nanomaterials, with excellent mechanical and mechanical properties and practicality. The characteristics of nanocellulose materials, includ-

ing high specific surface area, tunable properties and biocompatibility, as well as the diversity of preparation methods, are introduced in the 

section of properties and preparation methods. The applications of nanocellulose materials in functional membrane technologies such as 

microfiltration and reverse osmosis membranes are then discussed. The importance of research directions such as multi-scale structure design 

and multifunctional composite membrane development is emphasized. However, the application of nanocellulose materials still faces some 

challenges, such as persistence of anti-pollution properties, material stability and durability. Solutions are proposed for these challenges, such 

as the development of self-cleaning materials, high temperature resistant materials, etc. The application of nanocellulose materials in the field 

of functional membrane technology is promising, and their properties and preparation methods make them a strong candidate for functional 

membrane materials.
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Introduction
Functional membrane technology, as a key technology with important applications in the fields of separation, filtration, purification 

and resource recovery, has attracted extensive attention and research in recent years. Nanocellulose materials are a class of materials obtained 

from natural cellulose through nano-processing, and these characteristics make nanocellulose materials have a wide range of application 

prospects in the field of functional membrane technology. Through rational design and preparation, nanocellulose materials can be used in 

microfiltration membranes, reverse osmosis membranes, biomedical membranes and other types of membrane applications, which provides a 

new way to improve the performance and innovation of membrane technology.

1. Properties and preparation methods of nanocellulose materials

1.1 Properties of nanocellulose materials

The properties of nanocellulose materials mainly include high specific surface area, excellent mechanical strength and tunable proper-

ties. Due to the presence of the nanoscale, these materials have a larger specific surface area, making them excellent for applications such as 

adsorption, separation and catalysis. Despite their small size, the underlying cellulose structure of nanocellulosic materials endows them with 

surprising mechanical strength, which is critical for the stability and durability of membrane materials. In addition, the properties of nanocel-

lulosic materials can be precisely tuned by the preparation method to adapt them to the needs of different applications.

1.2 Preparation methods of nanocellulose materials

In terms of preparation methods, nanocellulose materials can be obtained by a variety of methods. Electrospinning method is a com-

mon preparation method, by spraying polymer solution into fibers under electric field, cellulose materials with nanoscale can be prepared. 

The sol-gel method utilizes the gelation process of the solution to obtain cellulose nanomaterials, while the pore structure and properties of 

the materials can be regulated. The cellulose nanocrystal method utilizes the redispersion of cellulose nanocrystals to prepare materials with 

a nanocellulose structure. In addition, the template method utilizes the guidance of template materials to prepare cellulose nanomaterials with 

specific shapes and properties.
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2. Functional membrane technology and its applications

2.1 Functional membrane technology

Functional membrane technology is a key separation and reaction method to realize specific separation, mass transfer and catalytic 

processes by adjusting the structure and properties of membrane materials. Functional membrane technology not only plays an important role 

in traditional fields, such as water treatment and gas separation, but also shows great application potential in emerging fields, such as biomed-

icine and energy conversion.

2.2 Application of Functional Membrane Technology

The core advantage of functional membrane technology lies in its adjustability and high efficiency performance. By carefully designing 

the pore structure, surface properties and molecular channels of membrane materials, functional membranes can realize highly efficient sepa-

ration and mass transfer processes. In the field of water treatment, membrane processes such as microfiltration, ultrafiltration, and reverse os-

mosis are widely used to remove suspended solids, dissolved solids, and dissolved salts. In gas separation applications, functional membrane 

technology enables efficient separation of gas mixtures, such as carbon dioxide capture and separation. In addition, functional membranes 

play an important role in the biomedical field, such as in hemodialysis, drug release and other applications to support disease treatment and 

medical devices.

The use of nanocellulosic materials in functional membrane technology has generated interest due to their characteristic remarkable 

properties. The high specific surface area and tunable properties of these materials make them ideal candidates for functional membrane tech-

nologies. By integrating nanocellulose materials into membrane structures, the separation performance, stability and contamination resistance 

of membranes can be further improved.

3. Examples of applications of nanocellulose materials in functional membranes

3.1 Water treatment

In the field of water treatment, nanocellulose materials can significantly improve the separation performance of microfiltration mem-

branes. By introducing nanostructures on the membrane surface, the surface area of the membrane is increased, which improves the flux and 

anti-pollution performance of the membrane, making it more suitable for wastewater treatment and water purification.

The anti-pollution performance of reverse osmosis membranes can also be enhanced by nanocellulose materials. By introducing na-

nocellulose materials on the membrane surface, the adhesion of harmful substances on the membrane can be reduced, thus improving the 

anti-pollution performance of the membrane and providing a more efficient solution for applications such as seawater desalination and waste-

water treatment.

3.2 Biomedical field

In the biomedical field, the biocompatibility of nanocellulose materials makes them ideal for biomedical membranes. By preparing 

membranes made of nanocellulose materials, biocompatibility can be improved for applications such as medical devices, drug delivery and 

tissue engineering, providing new directions for disease treatment and medical device development.

In gas separation technology, the high specific surface area and tunable properties of nanocellulose materials offer the possibility to 

optimize the performance of gas separation membranes step by step. By introducing nanocellulose materials into the membrane, the pore 

structure of the membrane can be precisely adjusted to improve the efficiency and selectivity of gas separation and promote the development 

of gas separation technology.

In addition, nanocellulose materials also bring new possibilities for innovative applications of multifunctional membranes. By inte-

grating nanocellulose materials with different functions, multiple functions of a single membrane can be realized, providing highly efficient 
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solutions for a wide range of fields such as catalysis, adsorption and separation.

Nanocellulose materials have great potential in different areas of functional membrane technology. Through continuous research and 

innovation, nanocellulose materials will continue to play an important role in the field of functional membrane technology, bringing new 

breakthroughs and progress in various application areas.

4. Research and outlook
The application of nanocellulosic materials in the field of functional membrane technology is showing a wide range of research and 

future directions. Currently, many researches focus on exploring the application prospects of nanocellulose materials in different fields to 

provide innovative solutions to solve complex environmental problems and diversified needs. The application of nanocellulose materials in 

functional membrane technology is promising, but also accompanied by a series of challenges. Addressing these challenges in continuous 

exploration and innovation will be the key to driving the development of the technology.

4.1 Contamination resistance, stability and durability

The durability of nanocellulose materials is a problem to be solved in improving the anti-pollution performance of membranes. To this 

end, the development of materials with self-cleaning properties, the design of renewable cleaning methods, and the introduction of online 

monitoring and maintenance systems may be future solutions.

Maintaining the stability and durability of materials is also a challenge. To address this challenge, researchers may work on developing 

materials that are resistant to high temperatures and corrosion, as well as employing strategies such as protective layers to improve the long-

term stability of nanocellulose materials.

4.2 Synergies and preparation methods

The design and optimization of composite membranes involves synergistic interactions between different functional materials. Ad-

dressing this challenge requires full consideration of material interactions to achieve multifunctional membranes that perform optimally in 

multiple applications.

Extending the use of nanocellulosic materials from laboratory to industrial applications may involve commercialization and mass 

production challenges. In this context, researchers may seek more cost-effective preparation methods and optimize production processes to 

reduce costs.

4.3 Environment and sustainability

The preparation and application of nanocellulosic materials also requires consideration of environmental and sustainability issues. Fu-

ture solutions may include the development of green, recyclable preparation methods and the incorporation of sustainability considerations in 

material design.

Conclusion
Nanocellulose materials, as a new type of material with diverse properties and wide application prospects, have attracted extensive 

attention and research in the field of functional membrane technology. Taking full advantage of the high specific surface area, tunable prop-

erties and biocompatibility of nanocellulose materials, the performance of functional membranes has been significantly improved in various 

fields.

Through the comprehensive analysis of nanocellulose materials in functional membrane technology, it is found that nanocellulose ma-

terials show potentials in microfiltration membranes, reverse osmosis membranes, biomedical membranes, gas separation membranes, and 

other types of membrane applications, and the design of multi-scale structures, the development of multifunctional composite membranes, 

and green preparation methods have become an important direction of research.

Although nanocellulose materials show many advantages in functional membrane technology, they also face some challenges, such as 
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persistence of anti-pollution properties, material stability and durability, design and optimization of multifunctional membranes. However, 

with the promotion of interdisciplinary research and innovation, these challenges will also be gradually overcome, providing a broader space 

for the application of nanocellulose materials in functional membrane technology.

It is expected that nanocellulose materials will continue to play an important role in the field of functional membrane technology in the 

future. Through continuous research and innovation, nanocellulose materials are expected to achieve more breakthroughs in water treatment, 

gas separation, biomedicine and other fields, providing new solutions to global environmental and energy problems. With multidisciplinary 

cooperation, we will create a brighter future for nanocellulose materials in functional membrane technology.
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