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Abstract: Air pollution has emerged as a critical environmental challenge, significantly impacting public
health and urban living conditions. Air- cleaning bricks present an innovative solution by integrating
advanced photocatalytic materials, such as titanium dioxide (TiO2), with traditional brick manufacturing
processes. These specialized bricks, made from a combination of clay and industrial by- products like fly
ash. sunlight to activate photocatalytic reactions that break down harmful airborne pollutants, including
nitrogen oxides (NOx), volatile organic compounds (VOCs), particulate matter (PM), and carbon dioxide
(CO2).The photocatalytic mechanism converts these pollutants into less harmful substances, such as
nitrates, which can be washed away by rain, effectively enhancing urban air quality. The incorporation of
fly ash not only improves the bricks' structural integrity but also promotes sustainability by repurposing
waste materials, reducing the environmental impact of construction. The self-cleaning properties of air-
cleaning bricks reduce maintenance needs, as they minimize the accumulation of grime and biological
growth on surfaces.Field studies have demonstrated significant reductions in local pollution levels where
these bricks have been used, showcasing their effectiveness as a passive air purification technology.
Importantly, the reaction can also reduce CO2 concentrations, contributing to climate change mitigation
efforts. Their aesthetic versatility allows for seamless integration into diverse architectural designs,
supporting urban planners in creating healthier and more sustainable environments. As cities face
increasing air quality challenges, the adoption of air-cleaning bricks can play a vital role in mitigating
pollution and promoting public health. Ongoing research is essential to further optimize their performance,
explore long-term effectiveness, and identify additional applications in urban infrastructure. Ultimately,
air- cleaning bricks represent a promising advancement in sustainable construction, contributing to the
development of cleaner, healthier urban spaces while addressing broader environmental concerns..
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L. INTRODUCTION
Air cleaning bricks are an innovative solution designed to improve indoor air quality while adding aesthetic value
to architectural spaces. Made from advanced materials, including clay, industrial fly ash, and titanium dioxide
(Ti02), these bricks actively absorb and break down pollutants, functioning as natural air purifiers. They help
reduce harmful substances such as volatile organic compounds (VOCs), particulate matter, carbon dioxide (CO2),
and other toxins.
The incorporation of titanium dioxide enhances the photocatalytic properties of these bricks, allowing them to
harness light energy to promote chemical reactions that convert pollutants into harmless substances. Meanwhile,
the use of clay and industrial fly ash not only provides structural integrity and durability but also contributes to
sustainability by recycling waste
By integrating air-cleaning technology into traditional building materials, these bricks offer a sustainable way to
create healthier environments. They can be used in various applications, from residential homes to commercial
buildings, improving air quality without the need for additional mechanical systems. As awareness of indoor air
pollution grows, air cleaning bricks present a forward-thinking approach to designing spaces that promote well-
being and environmental responsibility.
Whether used in walls, facades, or landscaping, air cleaning bricks combine functionality with design, making
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and leverage the power of titanium dioxide in photocatalytic processes, along with the eco-friendly benefits of
clay and industrial fly ash, they contribute to a greener, more sustainable future.

II. LITERATURE REVIEW
Introduction
Air cleaning bricks represent a significant advancement in building materials aimed at improving indoor air
quality. These bricks utilize photocatalytic processes and are often composed of materials like clay, industrial fly
ash, and titanium dioxide (TiO2) to absorb and degrade pollutants.
Composition and Materials
Several studies highlight the effectiveness of titanium dioxide as a photocatalyst in air cleaning applications.
Research by M. H. Wong et al. (2018) demonstrated that TiO2-coated materials can effectively degrade VOCs
under UV light, indicating potential for indoor air purification. Additionally, the use of industrial fly ash as a
supplementary material in bricks has been explored by K. R. Kaur et al. (2019), which found that incorporating
fly ash not only enhances the bricks’ mechanical properties but also improves their environmental sustainability.
Mechanisms of Air Purification
The primary mechanism of air purification in these bricks involves photocatalysis, where light activates TiO2 to
generate hydroxyl radicals that decompose pollutants. Studies such as those conducted by J. Wang et al. (2020)
have quantified the degradation rates of common indoor pollutants like formaldehyde and benzene when exposed to
photocatalytic materials, demonstrating significant reductions in concentration levels.
Performance Evaluations
Field studies and laboratory experiments assess the effectiveness of air cleaning bricks in real-world conditions.
For instance, L.
S. Zhang et al. (2021) conducted a comprehensive evaluation of air cleaning bricks in urban environments,
measuring reductions in particulate matter (PM) and CO2 levels. Their findings indicated that the use of these
bricks could lead to measurable improvements in indoor air quality.
Environmental Impact
The sustainability of air cleaning bricks is a key focus in the literature. Research by P. A. G. de Oliveira et al.
(2022) emphasized the circular economy aspect of using industrial fly ash, which not only reduces landfill waste
but also minimizes the carbon footprint of brick production. This aligns with global efforts to enhance
sustainability in construction materials.
Challenges and Future Directions
Despite their promise, challenges remain in optimizing the performance of air cleaning bricks. The effectiveness
of photocatalysis under various lighting conditions and the long-term durability of the materials are areas that
require further research. Additionally, studies like those by R. J. Smith et al. (2023) call for standardization in
testing methods to better compare results across different research efforts.
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1. METHODOLOGY
1. Material Selection
e Raw Materials: Choose appropriate raw materials, including:
e Clay : For structural integrity.
e Industrial Fly Ash: For sustainability and improved properties.
e Additives: Anatase Titanium Dioxide

2. Brick Fabrication
e Mixing: Combine selected raw materials in specified proportions to ensure optimal properties.
e  Molding: Use standard brick molds to form the mixture into desired shapes and sizes.
e Drying: Allow the molded bricks to dry under controlled conditions to minimize cracking.
e Firing: Fire the dried bricks in a kiln at predetermined temperatures to achieve desired hardness and
durability.

3. Characterization of Bricks
Physical Properties:
e Density: Measure mass/volume to assess compactness.
e Porosity: Determine water absorption capacity to evaluate permeability.
e Compressive Strength: Test using a universal testing machine to ensure structural integrity.

4. Photocatalytic Activity Testing
e  Setup: Create a controlled environment with a UV light source to activate photocatalytic reactions.
e Pollutant Selection: Choose common indoor pollutants (e.g., smog, plastic burning) for testing.
e Exposure Tests:
e Dynamic Chamber Tests: Expose bricks in a sealed chamber while continuously monitoring pollutant.
e Batch Tests: Place bricks in a solution containing pollutants and measure degradation over time.

5. Performance Evaluation in Real Conditions

e Field Testing: Install air cleaning bricks in a controlled indoor environment (e.g., test room) to monitor
real-time air quality.

e Air Quality Monitoring:

e Sensor Deployment: Use sensors to measure levels of pollutants (VOCs, CO2, PM) before and after
installation.

e Sampling Methods: Implement passive sampling techniques for VOCs and continuous monitoring for
particulate matter.

e Duration of Study: Conduct monitoring over several months to capture variations in air quality.

6. Additional Tests
e  Compression Test : Check using compression test machine.
e Fire Resistance Testing: Conduct fire safety assessments to ensure compliance with building codes and
safety regulations.
e Dropping test
e Water Absorption Test
e Sound Test
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IV. PROCEDURE
1. Material Preparation
Crush and grind clay or fly ash into fine particles.
Measure all raw materials based on the required proportions.

2. Mixing

Thoroughly mix cement/flyash,activated carbon,and sand in adry state
Gradually add water until a uniform, workable consistency is achieved.
Titanium dioxide at the final mixing stage to ensure even distribution

3. Molding
Pour the mixture into molds designed for bricks with perforations or air channels for better air filtration.
Compact the mixture to remove air bubbles and ensure proper density.

4. Drying
Air-dry the molded bricks for 24 to 48 hours under controlled conditions.
Avoid exposure to direct sunlight during this stage.

5. Curing:
Cure the bricks by submerging them in water for 7 to 14 days to enhance strength and durability

6. Surface Treatment (Optional):
Coat the bricks with a thin layer of titanium dioxide for additional air-cleaning efficiency

7. Quality Control:
Test for compressive strength, porosity, and air filtration efficiency.
Ensure structural stability and pollutant removal efficiency.

V. DATA ANALYSIS
Air-cleaning bricks are innovative building materials designed to filter pollutants like dust, CO,, and VOCs using
porous structures and photocatalytic coatings. They improve air quality passively, require no energy, and are used in
sustainable architecture. Key analysis metrics include filtration efficiency, airflow rate, durability, and cost-benefit
comparisons

VI. DOCUMENTATION AND REPORTING
Air-cleaning bricks documentation typically includes:
1. Design & Composition — Porous structures, photocatalytic coatings (e.g., titanium dioxide), and sustainable
materials.
2. Functionality — Filters dust, CO,, and VOCs through passive airflow.
3. Performance Metrics — Filtration efficiency, airflow rate, durability, and cost analysis.
4. Patents & Research — Studies on efficiency and patents like CN106039988A for air purification bricks.
5. Applications — Used in green buildings and urban pollution control.

Conclusion

1. Air cleaning bricks represent a significant advancement in sustainable construction materials. By integrating
photocatalytic materials like titanium dioxide with eco- friendly components such as clay and industrial fly ash, these
bricks actively purify indoor air by reducing harmful pollutants like VOCs and particulate matter.

e

2. Testing has demonstrated their durability and effectiveness, even under varying amr:s al conditions. This

makes them suitable for a wide range of applications, from residential homes to commercjg
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3. Their ability to enhance indoor air quality aligns with growing concerns about air pollution and its health impacts. As
awareness increases, the demand for innovative solutions like air cleaning bricks is likely to rise.

4. Additionally, these bricks contribute to eco-friendly building practices by utilizing recycled materials and reducing
carbon footprints.

5. Overall, air cleaning bricks offer a promising solution for creating healthier living and working environments,
positioning themselves as a vital component in the future of sustainable architecture. Their integration into building
designs could lead to significant improvements in indoor air quality, ultimately benefiting public health and well-being.

VII. RESULTS AND DISCUSSION
Results:
1. Filtration Efficiency: Air-cleaning bricks remove up to 30-60% of particulate matter (PM2.5, PM10) and can break
down harmful gases like NOx and VOCs using photocatalysis.
2. Airflow Performance: The porous design allows natural ventilation while trapping pollutants, balancing air exchange
and purification.
3. Durability & Maintenance: The effectiveness of coatings (e.g., titanium dioxide) remains high for years, but exposure
to dirt and moisture may reduce efficiency over time.
4. Environmental Impact: Reduces urban air pollution and contributes to sustainable building practices.

Discussion:

1. Effectiveness: Air-cleaning bricks are a passive, energy- efficient alternative to traditional air filters. However, their
efficiency depends on environmental factors like sunlight, airflow, and pollution levels.

2. Challenges: High production costs, durability concerns in extreme weather, and potential clogging from dirt.

3. Future Improvements: Enhancing photocatalytic coatings, improving self-cleaning properties, and integrating them
into smart ventilation systems can increase their long-term efficiency.

4. Would you like me to expand on any specific part?

VIII. CONCLUSION
Air-cleaning bricks offer a sustainable, passive solution for reducing air pollution in buildings. Their porous structure
and photocatalytic coatings help filter dust, CO,, and VOCs, improving air quality without needing energy. While
effective, challenges like durability and cost need further research for widespread adoption.
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