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Abstract  

Background: Urban air pollution poses significant 

health risks, particularly in educational 

environments. Photocatalytic titanium dioxide 

(TiO₂) incorporated into exterior paints offers a 

promising solution for passive air purification 

through photocatalytic oxidation of atmospheric 

pollutants. 

 

Objective: To evaluate the effectiveness of TiO₂-

enhanced paint applied to exterior walls in reducing 

ambient air pollution levels around Shambhu Dayal 

Global School premises and assess its practical 

feasibility as an environmental remediation 

strategy. 

 

Methods: This experimental study employed a 

comparative analysis design over 12 weeks, 

measuring air quality parameters before and after 

application of TiO₂-enhanced paint on selected 

exterior walls. Air samples were collected using 

portable air quality monitors and analyzed for 

nitrogen oxides (NOₓ), volatile organic compounds 

(VOCs), particulate matter (PM2.5, PM10), and 

ozone levels. Photocatalytic activity was assessed 

under varying light conditions and weather 

parameters. 

 

Results: TiO₂-enhanced painted surfaces 

demonstrated significant air purification 

capabilities with average reductions of 23.4% in 

NOₓ levels, 18.7% in VOCs, and 15.2% in 

particulate matter within a 10-meter radius during 

peak sunlight hours. Maximum photocatalytic 

efficiency was observed between 10:00 AM and 3:00 

PM with UV index above 6. 

Conclusion: The study provides evidence for TiO₂-

enhanced paint as an effective passive air 

purification technology for educational institutions, 

offering a sustainable approach to improving local 

air quality while maintaining aesthetic and 

protective properties of conventional paint systems. 

 

Indexed Terms- Titanium dioxide, photocatalysis, 

air pollution reduction, environmental remediation, 

sustainable building materials, nitrogen oxide 

degradation, volatile organic compounds, urban air 

quality 

 

I. INTRODUCTION 

 

1.1 Background and Rationale 

Air pollution in urban environments has reached 

critical levels, with educational institutions being 

particularly vulnerable due to high occupancy 

densities and extended exposure periods. Traditional 

air purification methods require significant energy 

inputs and maintenance, making them economically 

challenging for large-scale implementation in 

educational settings. 

 

Titanium dioxide (TiO₂) photocatalysis represents an 

innovative approach to environmental remediation 

that harnesses natural solar energy to decompose 

atmospheric pollutants. When TiO₂ nanoparticles are 

exposed to ultraviolet light, they generate reactive 

oxygen species that oxidize organic and inorganic 

pollutants, converting them into harmless compounds 

such as carbon dioxide, water, and mineral salts. 

 

The photocatalytic mechanism involves the 

absorption of photons with energy equal to or greater 

than the TiO₂ band gap (3.2 eV for anatase phase), 

leading to electron-hole pair formation. These charge 

carriers migrate to the surface where they participate 
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in redox reactions with adsorbed pollutant molecules 

and atmospheric oxygen and water vapor. 

 

1.2 Scientific Principles 

The photocatalytic process follows established 

reaction pathways: 

Primary Reactions: 

• TiO₂ + hν → e⁻ + h⁺ 

• h⁺ + H₂O → •OH + H⁺ 

• e⁻ + O₂ → •O₂⁻ 

Pollutant Degradation: 

• NOₓ + •OH → HNO₃ 

• VOCs + •OH → CO₂ + H₂O 

• SO₂ + •OH → H₂SO₄ 

 

1.3 Research Gap and Significance 

While laboratory studies have demonstrated TiO₂ 

photocatalytic efficiency, limited field research has 

been conducted in Indian educational environments 

with specific climatic conditions and pollution 

profiles. This study addresses the knowledge gap by 

evaluating real-world performance under local 

environmental conditions. 

 

The research significance extends beyond academic 

interest, offering practical solutions for improving air 

quality in educational institutions while contributing 

to broader urban air pollution mitigation strategies. 

The findings will inform evidence-based decision-

making for sustainable building material selection 

and environmental health protection protocols. 

 

1.4 Research Objectives 

Primary Objective: To quantify the air purification 

effectiveness of TiO₂-enhanced paint applied to 

exterior building surfaces in reducing ambient 

pollutant concentrations. 

 

Secondary Objectives: 

• Assess the relationship between solar irradiance 

and photocatalytic efficiency 

• Evaluate the durability and longevity of 

photocatalytic activity 

• Determine optimal application methods and 

surface coverage requirements 

• Analyze cost-effectiveness compared to 

conventional air purification methods 

• Investigate potential secondary effects on 

building materials and environmental systems 

 

II. LITERATURE REVIEW 

 

2.1 Photocatalytic Air Purification Technology 

Photocatalytic air purification using TiO₂ has been 

extensively studied since Fujishima and Honda's 

seminal work in 1972. Recent advances in 

nanotechnology have enhanced TiO₂ photocatalytic 

efficiency through surface modification, doping, and 

morphological optimization. 

 

Research by Chen and Mao (2020) demonstrated that 

anatase TiO₂ nanoparticles exhibit superior 

photocatalytic activity compared to rutile phase due 

to higher surface area and improved charge 

separation efficiency. Studies by Kumar et al. (2019) 

showed significant NOₓ reduction in urban 

environments using TiO₂-coated building materials. 

 

2.2 Environmental Applications 

Large-scale implementations in cities like Milan, 

Tokyo, and Mexico City have shown promising 

results in reducing urban air pollution levels. The 

Palazzo Italia project demonstrated 70% NOₓ 

reduction using TiO₂-enhanced cement facades, while 

Tokyo's photocatalytic tile installations achieved 60% 

reduction in atmospheric nitrogen oxides. 

 

2.3 Challenges and Limitations 

Current research identifies several challenges 

including reduced efficiency under low light 

conditions, potential catalyst deactivation due to 

surface contamination, and limited effectiveness 

against certain pollutant classes. These factors 

necessitate comprehensive field studies to optimize 

real-world performance. 

 

III.              METHODOLOGY 

 

3.1 Study Design and Setting 

This action research employed a quasi-experimental 

design with pre-post intervention analysis conducted 

at Shambhu Dayal Global School over a 12-week 

period (March-May 2025). The study utilized both 

quantitative air quality measurements and qualitative 

observational data to assess photocatalytic paint 

effectiveness. 
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Study Site Characteristics: 

• Location: Urban educational campus with 

moderate to high traffic exposure 

• Building orientation: South and west-facing 

walls selected for optimal solar exposure 

• Surface area: 200 m² of exterior wall surface 

treated with TiO₂-enhanced paint 

• Control areas: Adjacent untreated wall surfaces 

for comparative analysis 

 

3.2 Materials and Equipment 

TiO₂-Enhanced Paint Formulation: 

• Base paint: High-quality acrylic exterior paint 

• TiO₂ concentration: 5% w/w anatase 

nanoparticles (particle size: 20-30 nm) 

• Additional components: Silica binder, UV 

stabilizers, rheological modifiers 

• Application method: Spray application with 

uniform coating thickness (100 μm) 

 

Air Quality Monitoring Equipment: 

• Portable Air Quality Monitor (Model: AQM-

3000) for real-time measurements 

• NOₓ analyzer with chemiluminescence detection 

(Range: 0-500 ppb) 

• VOC detector using photoionization detection 

(Range: 0-20 ppm) 

• Particulate matter monitor with laser scattering 

technology 

• Weather station for meteorological parameter 

recording 

Analytical Instruments: 

• UV-Vis spectrophotometer for photocatalytic 

activity assessment 

• X-ray diffraction (XRD) for TiO₂ phase analysis 

• Scanning electron microscopy (SEM) for surface 

morphology evaluation 

• BET surface area analyzer for catalyst 

characterization 

 

3.3 Experimental Procedure 

Phase 1: Baseline Measurement (Weeks 1-2) 

• Comprehensive air quality assessment at 

multiple measurement points 

• Meteorological data collection including 

temperature, humidity, wind speed, and UV 

index 

• Surface preparation and baseline photocatalytic 

activity testing 

• Quality control procedures and equipment 

calibration 

Phase 2: Paint Application (Week 3) 

• Surface cleaning and primer application 

• TiO₂-enhanced paint application using 

standardized protocols 

• Curing period monitoring and surface quality 

assessment 

• Documentation of application parameters and 

environmental conditions 

Phase 3: Post-Application Monitoring (Weeks 4-12) 

• Daily air quality measurements at predetermined 

time intervals 

• Weekly photocatalytic activity assessment using 

standardized test methods 

• Environmental parameter correlation analysis 

• Surface durability and coating integrity 

evaluation 

3.4 Measurement Protocols 

Air Quality Sampling: 

• Measurement points: 2m, 5m, and 10m distances 

from treated surfaces 

• Sampling height: 1.5m above ground level 

• Sampling frequency: Every 2 hours from 6:00 

AM to 8:00 PM 

• Weather condition documentation for each 

measurement cycle 

Photocatalytic Activity Testing: 

• Standard pollutant exposure under controlled UV 

irradiation 

• Reaction rate determination using first-order 

kinetic modeling 

• Surface area normalization for comparative 

analysis 

• Control experiments using untreated paint 

samples 

 

3.5 Data Analysis 

Statistical analysis was performed using SPSS 

software with significance level set at p<0.05. Data 

analysis included: 

 

 

• Descriptive statistics for air quality parameters 

• Paired t-tests for pre-post intervention 

comparisons 
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• Correlation analysis between environmental 

factors and photocatalytic efficiency 

• Regression modeling for predictive analysis 

• Time series analysis for temporal trend 

identification 

 

3.6 Quality Assurance and Control 

Equipment Calibration: All monitoring equipment 

was calibrated weekly using certified reference 

standards. Cross-validation measurements were 

performed using independent monitoring devices. 

Data Validation: Outlier detection and removal 

protocols were implemented. Data completeness 

requirements (>90% valid measurements) were 

established for statistical analysis inclusion. 

Environmental Controls: Background measurements 

from nearby untreated areas provided baseline 

correction factors. Weather-related data exclusion 

criteria were applied for extreme conditions. 

 

IV.       RESULTS AND DISCUSSION 

 

4.1 Baseline Air Quality Assessment 

Pre-intervention measurements revealed typical 

urban school environment pollution levels: 

• Average NOₓ concentration: 45.3 ± 8.7 ppb 

• VOC levels: 2.8 ± 0.6 ppm 

• PM2.5: 38.2 ± 12.4 μg/m³ 

• PM10: 67.8 ± 18.3 μg/m³ 

 

These values exceeded WHO recommended 

guidelines, justifying the need for air quality 

improvement interventions. 

 

4.2 Photocatalytic Paint Performance 

Pollutant Reduction Efficiency: 

 

Pollutant 

Baseline 

(Mean ± 

SD) 

Post-

Treatment 

(Mean ± 

SD) 

Reduction 

(%) 

p-

value 

NOₓ 

(ppb) 
45.3 ± 8.7 34.7 ± 6.2 23.4% <0.001 

VOCs 

(ppm) 
2.8 ± 0.6 2.3 ± 0.4 18.7% <0.01 

PM2.5 

(μg/m³) 

38.2 ± 

12.4 
32.4 ± 9.8 15.2% <0.05 

Pollutant 

Baseline 

(Mean ± 

SD) 

Post-

Treatment 

(Mean ± 

SD) 

Reduction 

(%) 

p-

value 

PM10 

(μg/m³) 

67.8 ± 

18.3 
59.1 ± 14.7 12.8% <0.05 

 

4.3 Environmental Factor Correlations 

Solar Irradiance Effect: Strong positive correlation (r 

= 0.78, p<0.001) was observed between UV index 

and NOₓ reduction efficiency. Maximum 

photocatalytic activity occurred during peak sunlight 

hours (10:00 AM - 3:00 PM) with UV index >6. 

Humidity Influence: Moderate positive correlation (r 

= 0.45, p<0.01) between relative humidity (40-70%) 

and photocatalytic efficiency, attributed to enhanced 

•OH radical formation from water vapor. 

 

Temperature Dependence: Optimal performance 

observed at temperatures between 25-35°C, with 

reduced efficiency at extreme temperatures due to 

increased charge carrier recombination rates. 

 

4.4 Spatial Distribution Analysis 

Distance-Dependent Effects: 

Distance from 

Surface 

NOₓ Reduction 

(%) 

VOC Reduction 

(%) 

2 meters 28.5% 22.1% 

5 meters 23.4% 18.7% 

10 meters 18.2% 14.3% 

 

Results demonstrate significant photocatalytic effects 

within a 10-meter radius, with exponential decay 

following inverse square law principles. 

 

4.5 Temporal Performance Evaluation 

Weekly Performance Trends: 

• Weeks 1-4: Steady increase in photocatalytic 

efficiency (activation period) 

• Weeks 5-8: Peak performance plateau 

• Weeks 9-12: Slight decrease (5%) due to surface 

contamination and weather exposure 

• Diurnal Variation: Peak efficiency observed 

during midday hours (11:00 AM - 2:00 PM) with 

35% higher pollutant reduction compared to 

morning and evening periods. 
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4.6 Cost-Benefit Analysis 

Economic Evaluation: 

• TiO₂-enhanced paint cost: ₹450 per m² (15% 

premium over conventional paint) 

• Estimated air purification capacity: Equivalent to 

0.8 trees per m² of treated surface 

• Maintenance requirements: Standard paint 

maintenance with no additional interventions 

• Payback period: 3-4 years considering health 

benefits and reduced air purification system 

requirements 

 

4.7 Discussion of Findings 

Mechanism Validation: The observed pollutant 

reduction patterns align with established 

photocatalytic mechanisms. NOₓ showed highest 

reduction efficiency due to favorable thermodynamic 

and kinetic parameters for •OH radical-mediated 

oxidation. VOC reduction varied by compound class, 

with aldehydes and aromatics showing higher 

degradation rates than alkanes. 

 

Environmental Factors: Solar irradiance emerged as 

the primary controlling factor, confirming the light-

dependent nature of photocatalytic processes. The 

humidity correlation suggests water vapor's dual role 

as •OH radical precursor and competitor for active 

sites. 

 

Spatial Effects: The distance-dependent reduction 

profile indicates diffusion-limited mass transfer as 

the controlling mechanism beyond the immediate 

surface vicinity. This finding has important 

implications for building design and surface coverage 

optimization. 

 

Durability Considerations: The slight performance 

decline after 8 weeks suggests the need for periodic 

surface cleaning or catalyst regeneration. However, 

the observed degradation rate indicates acceptable 

long-term performance for practical applications. 

 

4.8 Limitations and Challenges 

Methodological Limitations: 

• Single-site study limits generalizability 

• Seasonal variation not fully captured in 12-week 

study period 

• Potential interference from meteorological factors 

• Limited assessment of secondary reaction 

products 

 

Technical Challenges: 

• Surface contamination affecting long-term 

performance 

• Variability in solar irradiance affecting consistent 

performance 

• Complex urban pollution mixture effects 

• Potential catalyst deactivation mechanisms 

 

4.9 Environmental and Health Implications 

The observed air quality improvements have 

significant public health implications, particularly for 

educational environments where children and young 

adults spend extended periods. The reduction in NOₓ 

and VOCs directly contributes to decreased 

respiratory health risks and improved cognitive 

performance. 

 

From an environmental perspective, the passive 

nature of photocatalytic air purification offers 

sustainable pollution mitigation without additional 

energy requirements or maintenance interventions. 

 

CONCLUSION 

 

This action research successfully demonstrated the 

effectiveness of TiO₂-enhanced paint as a passive air 

purification technology for educational building 

applications. The study provides compelling evidence 

for significant pollutant reduction capabilities under 

real-world conditions. 

 

Key Findings: 

1. Proven Efficacy: TiO₂-enhanced paint achieved 

23.4% NOₓ reduction, 18.7% VOC reduction, and 

significant particulate matter decrease within a 

10-meter radius. 

2. Environmental Dependency: Photocatalytic 

efficiency strongly correlates with solar 

irradiance, with optimal performance during peak 

sunlight hours. 

3. Spatial Effectiveness: Measurable air quality 

improvements extend up to 10 meters from 

treated surfaces, enabling strategic application for 

maximum impact. 
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4. Economic Viability: Cost-benefit analysis 

supports practical implementation with reasonable 

payback periods and minimal maintenance 

requirements. 

5. Sustainability Benefits: The technology offers 

passive, energy-free air purification contributing 

to sustainable building practices and 

environmental stewardship. 

 

Research Contributions: This study provides the first 

comprehensive field evaluation of TiO₂ 

photocatalytic paint in an Indian educational setting, 

establishing baseline performance parameters and 

optimization strategies for broader implementation. 

 

Future Research Directions: 

• Long-term durability studies over multiple 

seasonal cycles 

• Optimization of TiO₂ concentration and particle 

size for enhanced efficiency 

• Investigation of visible light-active 

photocatalysts for improved performance 

• Assessment of secondary reaction products and 

environmental fate 

• Economic modeling for large-scale 

implementation strategies 

 

The research supports the adoption of photocatalytic 

building materials as a practical solution for 

improving urban air quality while contributing to 

sustainable development goals in educational 

infrastructure. 

 

RECOMMENDATIONS 

 

6.1 Implementation Recommendations 

For Educational Institutions: 

1. Strategic Application: Prioritize south and west-

facing walls for maximum solar exposure and 

photocatalytic efficiency. 

2. Surface Preparation: Ensure thorough surface 

cleaning and proper primer application for 

optimal TiO₂ adhesion and longevity. 

3. Quality Control: Implement standardized 

application protocols with qualified contractors 

experienced in specialized coating systems. 

4. Monitoring Programs: Establish routine air 

quality monitoring to assess ongoing 

performance and optimization opportunities. 

 

6.2 Policy Recommendations 

For Educational Authorities: 

1. Building Standards: Incorporate photocatalytic 

paint specifications into green building 

guidelines for new construction and renovation 

projects. 

2. Procurement Guidelines: Develop standardized 

procurement specifications for TiO₂-enhanced 

building materials. 

3. Maintenance Protocols: Establish cleaning and 

maintenance schedules to preserve photocatalytic 

activity over extended periods. 

 

6.3 Research Recommendations 

For Future Studies: 

1. Seasonal Analysis: Conduct year-round studies 

to assess performance variations across 

monsoon, winter, and summer seasons. 

2. Comparative Studies: Evaluate different TiO₂ 

formulations and application methods for 

optimization. 

3. Health Impact Assessment: Conduct longitudinal 

health studies to quantify benefits for student and 

staff populations. 

4. Economic Modeling: Develop comprehensive 

cost-benefit models for various building types 

and pollution scenarios. 
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