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1.0 Introduction
Self-cleaning nanocoatings are a relatively new technology 
in the building and construction industry. They are a 
type of coating that is applied to various surfaces to 
protect them from dirt, dust, and other contaminants. 
The coating is made up of nanomaterials that are capable 
of breaking down dirt, dust, and other contaminants on 
contact and releasing them back into the environment. 
This technology is becoming increasingly popular due 
to its ability to reduce the amount of time, energy, and 
money spent on cleaning and maintaining surfaces.

The definition of self-cleaning nanocoatings is 
the application of nanomaterials to a surface in order 
to prevent the accumulation of dirt, dust, and other 

contaminants1-9. These nanomaterials are usually made 
up of tiny particles that are capable of breaking down dirt, 
dust, and other contaminants on contact and releasing 
them back into the environment. The nanomaterials are 
also designed to be durable and long-lasting, making 
them ideal for use in areas where regular cleaning is not 
possible or practical.

The significance of self-cleaning nanocoatings is that 
they provide a more efficient and cost-effective way to 
maintain the cleanliness and hygiene of a building. By 
reducing the amount of time, energy, and money spent 
on regular cleaning, self-cleaning nanocoatings can help 
to save businesses money in the long run. They also 
help to reduce the amount of water and chemicals used 
in the cleaning process, which can reduce the amount 

Self-Cleaning Nanocoatings for Building Surfaces: A 
Comprehensive Review of Materials and Methods
R. Shobha1, B. R. Vinod1, V. R. Kushaal2 and K. R. Shiva Prasad2

1Assistant Professor, Department of Civil Engineering, BMS Institute of Technology and Management,  
Bengaluru - 560064, Karnataka, India; shobhar@bmsit.in 
2Student, Department of Civil Engineering, BMS Institute of Technology and Management, Bengaluru - 560064, 
Karnataka, India

Keywords: Aesthetics, Building Surfaces, Chemical Vapor Deposition, Durability, Energy Efficiency, Maintenance Costs, 
Nanocoatings, Photocatalytic Activity, Physical Vapor Deposition, Self-Cleaning, Sol-Gel Processing, Titanium Dioxide, Water 
Repellency, Zinc Oxide

Abstract
This comprehensive review examines the current state of self-cleaning nanocoatings for building surfaces. Nanocoatings are a 
form of nano-structured materials that contain active components, such as photocatalysts, that provide superior self-cleaning 
properties when exposed to light. This review discusses the various materials and methods used in the development of self-
cleaning nanocoatings, including titanium dioxide, zinc oxide, and other metal oxide. The properties of these materials, such 
as photocatalytic activity, durability, and water repellency are described in detail. The review also provides a comprehensive 
overview of the preparation methods for nanocoatings, including physical vapor deposition, chemical vapor deposition, and 
sol-gel processing. Finally, the review concludes with a discussion of the potential applications of self-cleaning nanocoatings 
for building surfaces, such as reducing maintenance costs, improving aesthetics, and increasing energy efficiency.

http://www.informaticsjournals.com/index.php/toxi


R. Shobha, B. R. Vinod, V. R. Kushaal and K. R. Shiva Prasad

Journal of Mines, Metals and Fuels 1199 Vol 71 (9) | September 2023 | http://www.informaticsjournals.com/index.php/jmmf

as durability, scratch resistance, and water repellence. 
In addition, this review will provide an overview of the 
materials used to create these nanocoatings, as well as 
the methods used to apply them. Finally, this review will 
discuss current and potential applications of self-cleaning 
nanocoatings for building surfaces.

3.0  Overview of the Mechanisms 
Involved in Self-cleaning 
Nanocoatings Work

Self-cleaning nanocoatings are composed of a range of 
nanomaterials which are used to create a protective layer 
on surfaces. These nanomaterials can include titanium 
dioxide, silica, and other materials which are designed to 
be water and dirt-repellent. The nanomaterials are applied 
as a coating to the surface, typically using a spray-on or 
dip-coating process. Once applied, the nanomaterials 
form a durable and protective layer on the surface which 
is designed to repel water and other liquids, as well as 
dirt and dust particles. The self-cleaning properties of the 
nanocoatings are achieved through several mechanisms. 
Firstly, the nanocoatings are designed to have a 
hydrophobic or water-repelling surface. This means that 
when water or other liquids come into contact with the 
surface, they will bead up and roll off, taking any dirt and 
dust particles with them. Secondly, the nanocoatings are 
designed to be oleophobic or oil-repelling. This means 
that when oil or grease come into contact with the surface, 
they will also bead up and roll off, taking any dirt and 
dust particles with them. Finally, the nanocoatings can 
be designed to be photocatalytic. This means that when 
exposed to light, the nanocoatings will catalyze a reaction 
which breaks down dirt and grime particles, making 
them easier to rinse off.

3.1   Materials for Self-cleaning Nanocoatings
There are several different types of materials that can 
be used to create self-cleaning nanocoatings. The most 
common materials used include titanium dioxide, zinc 
oxide, and silicon dioxide. These materials all have 
similar properties that make them ideal for self-cleaning 
nanocoatings, such as high surface area, low density, and 
the ability to absorb light. 

of pollution caused by cleaning products. Additionally, 
self-cleaning nanocoatings can help to reduce the risk of 
cross-contamination by preventing dirt, dust, and other 
contaminants from accumulating on surfaces10-12.

Self-cleaning nanocoatings are becoming increasingly 
popular in the building and construction industry due 
to the numerous benefits they provide. They can help 
to maintain a high level of cleanliness and hygiene 
while reducing the amount of time and money spent 
on regular cleaning. Additionally, they can reduce 
the amount of pollution caused by cleaning products 
and help to reduce the risk of cross-contamination. 
Self-cleaning nanocoatings are also relatively easy to 
apply and maintain, making them a cost-effective and 
environmentally friendly solution for maintaining a clean 
and safe environment14,15. 

2.  Overview of the Objectives 
and Scope of the Review

The use of nanocoatings for building surfaces is becoming 
increasingly popular due to their ability to provide a self-
cleaning surface. Self-cleaning nanocoatings for building 
surfaces are a relatively new technology and are being 
developed to reduce the need for regular cleaning18,19. 
These coatings are designed to break down dirt and 
debris on the surface, and then repel future dirt and 
debris, leading to less frequent and time consuming 
cleaning. This review aims to provide an overview of the 
objectives and scope of research related to self-cleaning 
nanocoatings for building surfaces.

2.1 Objectives
The objective of this review is to provide an up-to-date 
overview of the materials, methods and applications of 
self-cleaning nanocoatings for building surfaces. This 
review will provide a comprehensive overview of the 
current state of research and development in the field, as 
well as potential future directions.

2.2 Scope
This review will focus on self-cleaning nanocoatings for 
building surfaces. The scope of this review will include 
nanocoatings designed to provide a self-cleaning surface, 
as well as those designed to provide other properties such 
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3.1.1 Titanium Dioxide (TiO2)
Titanium dioxide is a white, powdery material that is often 
used in the production of self-cleaning nanocoatings. This 
material is highly reactive to light, meaning that when 
exposed to ultraviolet light it can create a reaction known 
as photocatalysis. This reaction results in the breakdown 
of organic materials on the surface of the coating, such 
as dirt, oil, and grease. TiO2 nanocoatings are also highly 
reflective, meaning that they can reflect up to 95% of the 
sun’s rays, which also helps to reduce the amount of dirt 
and debris on the surface. 

3.1.2 Zinc Oxide (ZnO)
Zinc oxide is a white, powdery material that is also 
commonly used to create self-cleaning nanocoatings. 
This material is highly absorbent and can absorb up to 
95% of the sun’s ultraviolet radiation. This absorption 
helps to break down organic materials on the surface of 
the coating and can also help to reduce the amount of dirt 
and debris on the surface. 

3.1.3 Silicon Dioxide (SiO2)
Silicon dioxide is a white, powdery material that is also 
used to create self-cleaning nanocoatings. This material 
is highly hydrophobic, meaning that it repels water and 
other liquids. This property helps to reduce the amount 
of dirt and debris that can accumulate on the surface of 
the nanocoating, as it will not allow liquids to stick to 
the surface. SiO2 nanocoatings are also highly reflective 
and can reflect up to 95% of the sun’s rays, which helps to 
reduce the amount of dirt and debris on the surface. 

3.2 Methods for Self-cleaning Nanocoatings
The first method for self-cleaning nanocoatings is the use 
of nanoscale particles. These particles can be suspended 
in a liquid solution and then applied to the nanocoating. 
When exposed to light, the particles will break down 
dirt and other debris on the surface of the coating. This 
method is known as photo-degradation and has the 
advantage of being environmentally friendly.

Another method for self-cleaning nanocoatings is the 
use of hydrophobic and oleophobic coatings. Hydrophobic 
coatings are designed to repel water, while oleophobic 
coatings are designed to repel oil. These coatings help 
keep dirt and debris from adhering to the surface of 

the nanocoating. This helps to reduce the amount of 
scrubbing and cleaning that needs to be done in order to 
maintain the protective properties of the nanocoating. 

A third method for self-cleaning nanocoatings is 
the use of electrochemical processes. In this process, an 
electric current is applied to the nanocoating, which then 
causes the dirt and debris on the surface of the coating to 
break down into smaller particles. This process is known 
as electro-degradation and can be used to reduce the need 
for scrubbing and cleaning of the nanocoating.

Finally, the use of nanofiltration is another method for 
self-cleaning nanocoatings. In this process, a filter is used 
to collect dirt and debris from the nanocoating. This helps 
to reduce the need for scrubbing and cleaning, as the filter 
can collect the dirt and debris before it has a chance to 
adhere to the surface of the nanocoating.

3.3  Performance Evaluation of Self-cleaning 
Nanocoatings

When evaluating the performance of self-cleaning 
nanocoatings, there are several methods that can be 
employed. These methods include visual inspection, 
water repellency tests, and contact angle measurements. 

3.3.1 Visual Inspection
Visual inspection is one of the most basic and cost-
effective methods for evaluating the performance of 
self-cleaning nanocoatings. It involves inspecting the 
surface of the coated material to determine if it is free of 
dirt, dust, and other contaminants. This method is simple 
and can help to quickly identify any problems with the 
coating.

3.3.2 Water Repellency Tests
Water repellency tests are used to measure the effectiveness 
of the self-cleaning nanocoatings in repelling water and 
other liquids. These tests involve measuring the contact 
angle of the liquid with the surface of the coating. The 
higher the contact angle, the better the coating is at 
repelling water and other liquids.

3.3.4 Contact Angle Measurements
Contact angle measurements are used to measure the 
wettability of the coating surface and its ability to repel 
dirt, dust, and other contaminants. This method involves 
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measuring the contact angle of a liquid droplet on the 
surface of the coating. The higher the contact angle, 
the better the coating is at repelling dirt and other 
contaminants.

3.4  Evaluation Criteria for Self-cleaning 
Nanocoatings for Building Surfaces

3.4.1 Durability
The durability of a nanocoating is an important factor in 
determining its effectiveness as a self-cleaning surface. 
The coating should be able to withstand exposure to 
weather, chemicals, and other environmental factors 
without losing its self-cleaning properties. The durability 
of the nanocoating should also be assessed in relation to 
the type of surface it is being applied to, as some surfaces 
may require a more durable coating than others. 

3.4.2 Adhesion
The adhesion of a nanocoating is also an important factor 
in its performance as a self-cleaning surface. The coating 
must be able to adhere to the surface it is applied to 
without peeling or flaking off. The ability of the coating to 
adhere to the surface over time should also be assessed, as 
this will determine its long-term performance. 

3.4.3 Wetting
The wetting characteristics of a nanocoating are an 
important factor in its performance as a self-cleaning 
surface. The coating must be able to effectively spread 
liquid over its surface, allowing for the removal of dirt and 
debris. The wetting characteristics should be evaluated 
in terms of the type of liquid and the surface it is being 
applied to. 

3.4.4 Cleanability
The cleanability of a nanocoating is an important factor 
in its performance as a self-cleaning surface. The coating 
should be able to effectively remove dirt and debris from 
its surface with minimal effort. The cleanability of the 
nanocoating should also be evaluated in relation to the 
type of dirt and debris it is expected to encounter.

3.4.5 Environmental Impact
The environmental impact of a nanocoating is an

important factor in evaluating its performance as a self-
cleaning surface. The coating should be designed and 
applied in such a way that it will not create any long-
term environmental damage. Additionally, the coating 
should be evaluated for its potential to cause water or air 
pollution, or to release any hazardous materials into the 
environment.

3.5  Overview of Various Methods used 
for Performance Evaluation of Self-
Cleaning Nanocoatings

Self-cleaning nanocoatings have been gaining popularity 
in recent years due to their ability to reduce cleaning 
time and effort, as well as their potential to improve the 
longevity of common materials. 

3.5.1 Contact Angle Measurements
Contact angle measurements are one of the most 
commonly used methods for evaluating the performance 
of self-cleaning nanocoatings. This method is used to 
measure the contact angle of a liquid droplet on a surface, 
which is an indication of a material’s hydrophobicity or 
hydrophilicity. The higher the contact angle, the greater 
the hydrophobicity of the material, which is an indication 
of its ability to repel liquids and other contaminants. 
Contact angle measurements are also used to measure the 
surface energy of a material, which is an indication of its 
ability to interact with other materials.

3.5.2 Optical Microscopy
Optical microscopy is another common method used to 
evaluate the performance of self-cleaning nanocoatings. 
This method involves the use of an optical microscope 
to examine the surface of the nanocoating. Through 
this method, the morphology of the nanocoating can 
be evaluated, which can provide information about its 
hydrophobic properties. This method can also be used to 
determine the size and shape of the nanocoatings, which 
can help to determine their ability to repel contaminants.

3.5.3 Scanning Electron Microscopy (SEM)
Scanning Electron Microscopy (SEM) is another method 
used to evaluate the performance of self-cleaning 
nanocoatings. This method involves the use of an electron 
microscope to examine the surface of the nanocoating 
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in detail. The SEM can provide detailed images of the 
nanocoating, which can be used to determine its surface 
structure and morphology. This method can also be used 
to determine the size and shape of the nanocoatings, which 
can help to determine their ability to repel contaminants.

3.5.4 Atomic Force Microscopy (AFM)
Atomic Force Microscopy (AFM) is another method used 
to evaluate the performance of self-cleaning nanocoatings. 
This method involves the use of a probe to measure the 
force between the nanocoating and the substrate. This 
method can be used to determine the adhesion strength 
of the nanocoating, as well as its surface topography. This 
method can also be used to determine the size and shape 
of the nanocoatings, which can help to determine their 
ability to repel contaminants.

3.5.5 Surface Profilometry
Surface profilometry is another method used to evaluate 
the performance of self-cleaning nanocoatings. This 
method involves the use of a surface profiler to measure 
the surface roughness of the nanocoating. This method 
can be used to determine the surface roughness of the 
nanocoating, which can provide information about its 
hydrophobic properties. This method can also be used to 
determine the size and shape of the nanocoatings, which 
can help to determine their ability to repel contaminants.

3.5.6 Current State of Knowledge on Nanocoatings
Nanocoatings are a type of nanotechnology that is used 
to create thin films on surfaces that provide a range of 
benefits. These films are typically made from organic 
or inorganic nanoparticles, which are bound together 
by a binding agent to form a protective coating. The 
nanoparticles can be engineered to have specific 
properties, such as hydrophobicity or hydrophilicity, 
which can be used to achieve a range of desired effects. For 
example, hydrophobic nanocoatings can be used to repel 
water and other liquids, while hydrophilic nanocoatings 
can be used to attract and bind liquids, allowing for easier 
cleaning and maintenance.

The use of nanocoatings in building applications is 
relatively new, and there is still much to be learned about 
the potential benefits and drawbacks of these coatings. 
While some studies have suggested that nanocoatings 
can provide improved energy efficiency and durability, 

many of these studies have been small-scale or done in 
laboratory settings. As such, it is difficult to draw definitive 
conclusions about the potential benefits of nanocoatings.

3.5.7 Potential Benefits and Drawbacks
The potential benefits of using nanocoatings in building 
applications are numerous. Nanocoatings can provide 
improved energy efficiency by reducing air leakage 
and increasing the reflectivity of the building’s exterior. 
In addition, the use of nanocoatings can enhance the 
durability of surfaces, allowing them to better withstand 
harsh weather conditions such as rain and snow. Finally, 
nanocoatings can reduce the need for regular maintenance, 
as the self-cleaning properties of the coatings allow for 
easier cleaning and fewer repairs.

Despite the potential benefits of nanocoatings, there 
are also a number of drawbacks that must be considered. 
For example, the cost of nanocoatings can be prohibitively 
expensive, making them difficult to justify for most 
building applications. In addition, the coatings may not 
be able to withstand the wear and tear of everyday use, 
meaning they may need to be replaced more frequently 
than traditional coatings. Finally, there is the potential for 
environmental damage if the coatings are not properly 
disposed of.

3.6   Overview of the Future Directions in 
the Research and Development of Self-
cleaning Nanocoatings for Building 
Surfaces Future Directions

The future of self-cleaning nanocoatings for building 
surfaces will likely involve the development of more 
efficient and cost-effective coatings. Research and 
development efforts will focus on creating coatings 
that are easier to apply, more durable, and better at 
reducing manual cleaning. Additionally, efforts will be 
made to improve the effectiveness of the photocatalytic 
component, and to incorporate additional functionalities, 
such as anti-fouling and anti-corrosion properties.

In addition to improving the performance of existing 
self-cleaning nanocoatings, research and development 
efforts will focus on the development of new coatings 
with unique properties. For example, the development 
of nanocoatings with superior self-healing capabilities is 
already underway. These coatings are designed to resist 
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damage from physical or chemical exposure, and are 
capable of repairing themselves without the need for 
manual intervention.

4. Conclusion
Self-cleaning nanocoatings have been widely used to 
protect building surfaces from dirt, dust, and other 
water-borne impurities. This type of nanocoating is 
capable of repelling water and other liquids, preventing 
them from adhering to surfaces and allowing them to 
be easily removed with a simple wipe. However, despite 
their many advantages, there are still some areas in which 
self-cleaning nanocoatings could be improved. This 
article will discuss some potential suggestions for future 
research and development of self-cleaning nanocoatings 
for building surfaces.

First, further research should be conducted on 
the durability of self-cleaning nanocoatings. Current 
nanocoatings are designed to last for a specific amount of 
time before needing to be reapplied. However, it would be 
beneficial to develop nanocoatings that are more durable 
and can last for extended periods of time, reducing the 
need for frequent reapplication. Additionally, research 
should be conducted on the ability of nanocoatings to 
withstand extreme temperatures, UV radiation, and 
other environmental conditions. Knowing the limits of 
nanocoatings can help inform the selection of the best 
coating for a particular application.

Second, research should focus on improving the 
water repellency of self-cleaning nanocoatings. Currently, 
nanocoatings are designed to be hydrophobic, meaning 
that they repel water and other liquids. However, 
some nanocoatings are more effective than others at 
repelling liquids, and research should be conducted on 
ways to improve the water repellency of self-cleaning 
nanocoatings. Additionally, research should be done on 
the ability of nanocoatings to resist dirt, dust, and other 
airborne particles. Knowing the limits of nanocoatings 
in this regard can help inform the selection of the best 
coating for a particular application.

Third, research should be conducted on the ability of 
self-cleaning nanocoatings to reduce the growth of mold 
and bacteria on building surfaces. Currently, self-cleaning 
nanocoatings are designed to repel water and other 
liquids, but they are not necessarily designed to reduce 
the growth of mold and bacteria. Research should focus 

on developing nanocoatings that are capable of reducing 
the growth of these organisms, thereby improving the 
overall health of the building.

Fourth, research should focus on ways to improve 
the cost-effectiveness of self-cleaning nanocoatings. 
Currently, nanocoatings are relatively expensive and 
their cost can be a barrier for some businesses and 
homeowners. Research should be conducted on ways to 
reduce the cost of self-cleaning nanocoatings, making 
them more accessible to a wider audience. Additionally, 
research should be done on ways to reduce the amount 
of time and effort required to apply and maintain self-
cleaning nanocoatings, making them easier and more 
convenient to use.
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