2 N3
i Y
i# IJSREM . . a g . . .
% International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 08 Issue: 03 | March - 2024 SJIF Rating: 8.176 ISSN: 2582-3930

Nanotechnology for Efficient and Sustainable Building Facade

Kartikey Pawarl, Naman Shrotriya2

1School of Architecture, IPS Academy, Indore
2 School of Architecture, IPS Academy, Indore

Abstract - The application of nanotechnology has shown
promise in improving the sustainability and performance of
building materials. This study examines how nanotechnology
can be used to enhance the qualities of important construction
materials, with a particular emphasis on cement, coatings, and
smart materials used in building facades and structures.
Strength, durability, energy efficiency, and environmental
effect are issues that researchers and practitioners want to
resolve by utilizing nanomaterials, such as nanoparticles and
nanofibers. This study examines the latest developments in
nanotechnology-enabled construction materials, emphasizing
the improved mechanical qualities, capacity for self-healing,
and reactivity to environmental cues. Furthermore, the potential
of nanotechnology to address building-related problems like
corrosion, moisture intrusion, and thermal inefficiency is
explored. This study emphasizes through a thorough analysis
of the level of research and development currently underway
the transformative potential of nanotechnology in fostering the
development of efficient, resilient, and sustainable building
materials for the future.
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1. Introduction

Nanotechnology, moreover known as nanotech, is a quickly
developing field that includes controlling and organizing matter
at the nanoscale level, which is around 1 to 100 nanometers. It
is a multidisciplinary field that combines components from
material science, chemistry, designing, and science to make
unused materials, gadgets, and frameworks with special
properties and capacities. The term 'nanotechnology' was to
begin with coined by Teacher Norio Taniguchi in 1974, but the
concept of controlling matter at the nuclear and atomic level
has been around for centuries.

The prefix 'nano’ comes from the Greek word 'nanos,’ meaning
predominate, and is utilized to depict objects that are greatly
little. To put things into point of view, a nanometer is one-
billionth of a meter, and a human hair is roughly 80,000 to
100,000 nanometers in distance across. At this scale, the
physical, chemical, and natural properties of materials are
altogether diverse from their bulk partners. These interesting
properties permit researchers to make unused materials with
progressed execution, higher quality, and improved
functionality.

One of the most critical breakthroughs in nanotechnology is the
capacity to control person molecules and atoms. This is made
conceivable through the utilize of specialized apparatuses and

procedures, such as checking test microscopy, electron
microscopy, and atomic modeling. These devices permit
researchers to see and control matter at the nanoscale, giving
them uncommon control over the properties of materials.

Nanotechnology has a wide extend of applications in different
areas, counting medication, gadgets, vitality, and natural
remediation. In  pharmaceutical, nanotechnology has
empowered the advancement of focused on sedate conveyance
frameworks, which can convey medicine specifically to the
influenced region, minimizing side impacts and expanding
viability. Nanoparticles are too being utilized to make more
viable cancer medications by focusing on and crushing cancer
cells whereas clearing out sound cells unharmed.

In the gadgets industry, nanotechnology has driven to the
improvement of littler and more effective electronic gadgets,
such as transistors and memory chips. These gadgets can be
created at a lower taken a toll, expend less vitality, and have
moved forward execution compared to conventional hardware.
Nanotechnology has moreover permitted for the advancement
of adaptable and straightforward shows, which have the
potential to revolutionize the way we connected with
technology.

In the vitality division, nanotechnology is being utilized to
create more effective and cost-effective sun powered cells,
batteries, and fuel cells. These innovations have the potential to
diminish our reliance on fossil powers and give clean and
renewable vitality sources. Nanotechnology is moreover being
utilized in natural remediation, where nanoparticles are utilized
to expel poisons from water and soil, making them more secure
for human consumption.

However, with all its potential benefits, nanotechnology too
raises concerns approximately its potential dangers and moral
suggestions. There are concerns almost the harmfulness of
nanoparticles and their effect on human wellbeing and the
environment. The long-term impacts of presentation to
nanoparticles are still obscure, and more inquire about is
required to get it their potential dangers completely. Also, the
utilize of nanotechnology raises moral questions, such as the
potential for abuse or unintended consequences.

2. Importance of nanotechnology & nanomaterials
In the absence of nanotechnology, building technology and
materials encounter significant drawbacks that impede their
performance and sustainability. Conventional cement suffers
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from limitations such as lower strength, reduced durability, and 3. Applications of Nanotechnology in Building

increased susceptibility to environmental degradation. These Construction
weaknesses not only compromise the structural integrity of Removing airbone
buildings but also contribute to higher maintenance costs and microorganism
environmental impact due to frequent repairs and replacements. | HYAC '[ Removing surface
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Similarly, building  facades  constructed  without
nanotechnology exhibit shortcomings such as inadequate 5
insulation, limited self-cleaning properties, and susceptibility
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to weathering. This leads to compromised energy efficiency,
diminished aesthetic appeal, and accelerated degradation of
building exteriors over time. Additionally, traditional coatings
applied to building surfaces lack advanced protective features
against corrosion, moisture ingress, and UV radiation. As a
result, building materials remain vulnerable to damage,
necessitating frequent maintenance interventions and reducing
the lifespan of structures.
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3.1 Nanomaterial in coating materials

Self-cleaning Photo-catalysis
Another innovative application of nanomaterials is in self-

cleaning photocatalysis. This process utilizes sunlight's energy
to trigger a chemical reaction between the photocatalytic
material and organic compounds on the surface. As a result,
these compounds are broken down into harmless water and
carbon dioxide, leaving the surface free from organic
pollutants. Titanium dioxide, a widely used photocatalytic
material, has been successfully integrated into facade designs,
making them self-cleaning and environmentally friendly.

Normal Glass
Dirty water marks and grime gather on the window.

\\,‘ :

sac BIOCLEAN - Step 1 : Photocatalysis

Exposure to the UV rays present in daylight triggers the
decomposition of organic dirt and causes the surface of the
glass to turn hydrophilic.

ssc BIOCLEAN - Step 2 : Hydrophilic Action

Water (or rain) forms a sheet of water across the surface of
the glass and rinses away broken-down organic dirt and
mineral material.

Fig. 1: Self-cleaning process

Self-cleaning “lotus effect”

Lotus leaves exhibit a microscopically rough water-repellent
(hydrophobic) surface, which is covered with tiny knobbles or
spikes so that there is little contact surface for water to settle on
Artificial lotus surfaces, created with the help of
nanotechnology, The Lotus-Effect is most well suited for
surfaces that are regularly exposed to sufficient quantities of
water, e.g. rainwater. The Lotus- Effect drastically reduces the
cleaning requirement and surfaces that are regularly exposed to
water remain clean. The advantages are self-evident: a cleaner
appearance and considerably reduced maintenance demands.

Water droplet

Dirt particle

Lotus-Effect surface configuration

Fig. 2: A microscopic view of a Lotus-Effect.

Easy-to-clean (ETC)
Moreover, nanomaterials have rendered facades easier to clean

and maintain. Their hydrophobic and oleophobic properties
make it challenging for dirt and stains to adhere to the surface,
simplifying cleaning efforts. This is particularly beneficial for
tall buildings where cleaning and maintenance can be arduous
and costly. With nanomaterials, not only is the cleaning
frequency reduced, but also the effort and resources required.

Antibacterial
Another advantage of using nanomaterials as facade coatings is

their antibacterial properties. Silver nanoparticles have been
found to have excellent antibacterial properties, making them
ideal for use in public buildings where hygiene is of utmost
importance. These nanoparticles can be incorporated into the
facade coating, preventing the growth and spread of bacteria
and other microorganisms. This not only helps in maintaining
a clean and healthy environment but also reduces the need for
harsh chemical cleaning agents.
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Fig. 3: Antibacterial surfaces
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Table -1: Common engineered nanoparticles used in

buildings.
Engineered
Nanoparticles

Technical Merits

Zinc oxide Self-cleaning; Antibacterial; UV-protection
ZnO
Titanium UV radiation protection; Photocatalytic activity
dioxide (organic and inorganic pollutants and microorganisms
TiO2 degrading); Abrasion resistance “concrete”; Self-
cleaning; Antimicrobial; Water repellent; Flame
retardant; IR reflection
Silicon Ultrahigh-performance concrete (UHPC): strength,
dioxide performance, and durability improvement; Concrete

SiO2 Strength and water permeability enhancement; Concrete
workability enhancement; Self-healing “concrete”
effect; Water repellent; Dirt repellent (easy to clean);
Scratch resistant; Improved colorability; Flame
retardant; Nano-filler

Aluminium Abrasion (scratch) resistance and anticorrosion; Flame
oxide retardant
Al20s
Silver Ag Antibacterial, antivirus, and antifungal features
Cerium(1V) UV-aging resistance; Anticorrosive and self-cleaning
oxide effects
CeO:2
Magnesium Antibacterial agent; Compressive strength
oxide improvement and autogenous shrinkage reduction in
MgO cement-based materials; Antibiofilm
Calcium Cement nanofiller
hydroxide
Ca(OH):
Iron oxide Compressive and flexural strengths of cementitious
Fe20s/Fes0s composites (microstructural properties improvement:
reduced porosity/increased density)
Nanoclays Hydrophilic; Scratch resistant; Flame retardant;

NC Compressive, flexural, and tensile strengths of cement;
Corrosion; Gas barrier

3.2 Nanomaterial in concrete

Self-healing concrete

When self-healing concrete cracks, embedded microcapsules
rupture and release a healing agent into the damaged region
through capillary action (Fig. 4). The released healing agent
contacts an embedded catalyst, polymerizing to bond the crack
face closed. In fracture tests, self-healing composites recovered
as much as 75 % of their original strength. They could increase
the life of structural components by as much as two or three
times.
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Fig. 4: Self-healing process in concrete

Concrete passing of light

Today, Concrete passing of light is proposed as a new building
material with high usability. This material is a combination of
optical fibers and concrete particles and can be used as building
blocks or prefabricated panels (Fig.5). Because of their small
size of fiber they mixed with Concrete and form a combination
of granulated material; so, the result is not just a combination of
two materials, glass and concrete but also, is a third new material
that in terms of the internal structure and external surfaces of
complete homogeneity.

Fig. 5: Transparent concrete wall

3.3 Nanomaterials in Wood

Wood consists of nanotubes or "Nano fibrils,” with
lignocellulose surfaces at the Nano-scale presenting new
possibilities. These could include innovations such as self-
sterilizing surfaces, internal self-repair mechanisms, and the
integration of highly water-repellent coatings incorporating
silica and alumina nanoparticles along with hydrophobic
polymers suitable for wood applications.

3.4 Nanomaterials in Glass

Controlling the entry of light and heat through building glazing
is a significant concern for sustainability. Nanotechnology
presents four strategic solutions to mitigate the ingress of light
and heat through windows.

Development of thin film coatings is underway, offering
spectrally sensitive surface applications for window glass.
These coatings have the potential to filter out undesired infrared
light frequencies, thereby reducing heat gain in buildings.
However, they represent a passive solution.

Thermo-chromic technologies are being actively explored as a
solution. These technologies react to temperature changes,
providing thermal insulation to prevent excessive heating while
maintaining sufficient lighting.

Photo-chromic technologies, operating through a different
mechanism, are also under study. They react to variations in
light intensity by increasing light absorption, achieving a
similar outcome.

Electro-chromic coatings, utilizing a tungsten oxide layer, are
being developed to respond to applied voltage changes. This
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allows them to become more opaque at the push of a button
(Fig. 5). These applications aim to reduce energy consumption
for cooling buildings and have the potential to significantly
impact the substantial energy usage in the built environment.

4. Smart material

According to Addington and Schodek, "smart materials" are
characterized by their inclusion of specialized environmental
responses, either through internal changes in physical
properties or through external energy exchange. These
materials possess unique qualities that set them apart from
traditional materials.

Smart materials are integral to responsive envelopes due to
their ability to function autonomously, transforming their
properties or exchanging energy without relying on complex
electromechanical systems or additional energy sources. An
example of such a material is the ETFE (ethylene tetrafluoro
ethylene) used in the media-TIC building in Barcelona,
designed by Cloud 9 architects and Vector Foiltec Ltd.
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Fig. 6: Smart envelope comprised of ETFE encased solar-activated
lamella shades developed for the Media-TIC building in Barcelona

The building's envelope features a pillow cladding system
made of ETFE, a lightweight, elastic, and robust transparent
polymer sheeting. This material serves as an alternative to glass
and hard plastics in modern structures. The envelope comprises
106 ETFE membranes or pillows, which inflate or deflate
gradually based on environmental conditions. Each pillow is
individually regulated, with sensors monitoring heat,
temperature, and sun angle.

Compared to glass, the use of ETFE reduces energy
consumption by 40% and significantly lowers the solar factor
(SF) from 0.45 to 0.10, meeting Building Code requirements.
Additionally, constructing with ETFE costs between 24 and
70% less.

5. Conclusions

In conclusion, the integration of nanotechnology into building
technology and materials presents a transformative opportunity
to address the limitations and challenges associated with
conventional approaches. Through the utilization of
nanomaterials, such as nanoparticles and nanofibers,
significant advancements have been achieved in the realms of
cement, facades, and coatings. Nanotechnology-enabled
cementitious materials exhibit enhanced strength, durability,
and environmental sustainability, offering a promising solution
for the construction industry's pressing needs. Smart facades
equipped with nanomaterials provide improved insulation, self-
cleaning capabilities, and enhanced resilience to environmental
factors, thereby contributing to energy efficiency and aesthetic
appeal. Additionally, nano coatings offer superior protection
against corrosion, moisture ingress, and UV radiation,
prolonging the lifespan of building exteriors and reducing
maintenance costs. Despite the challenges and complexities
inherent in nanotechnology integration, the benefits it brings in
terms of performance, durability, and sustainability underscore
its importance in shaping the future of construction and
infrastructure development. Moving forward, continued
research and innovation in nanotechnology will be essential to
further unlock its potential and drive the evolution of building
technology towards more resilient, efficient, and sustainable
solutions.
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