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Abstract  

Innovatively fusing advanced photocatalytic technology and seamless IoT integration, the 
Photocatalytic Air Purification project excels in efficient pollutant elimination and real-time user 
control. Featuring cutting-edge materials and design, the compact unit optimizes air purification with 
a sophisticated sensor array for precise measurements, offering a cost-effective, sustainable, and 
aesthetically pleasing solution in the competitive air purification market. 
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1. INTRODUCTION  

The Photocatalytic Air Purification project pioneers air purification by integrating 
advanced photocatalytic technology with IoT capabilities. This innovative initiative 
excels in eliminating pollutants efficiently while providing real-time user control. Its 
compact design uses cutting-edge materials and a sophisticated sensor array for 
precise air quality measurements and optimal purification. With a commitment to 
cost-effectiveness, sustainability, and aesthetic appeal, this project stands out in the 
competitive landscape of air purification technologies. 

At its core, the project redefines pollutant elimination standards through advanced 
technology, ensuring thorough contaminant removal. The seamless integration of 
IoT allows users to monitor and control air quality in real-time, enhancing their living 
or working environments. 

The project's minimalist design and advanced engineering feature a sophisticated 
sensor array for accurate air quality assessment. This not only boosts purification 
efficiency but also provides users with actionable insights for healthier spaces. 

Sustainability is a key focus, achieved through cost-effective design and energy-
efficient operations, making the project both eco-friendly and economically viable. 
Its sleek design and cutting-edge materials further enhance its appeal, combining 
efficacy with elegance. 

Overall, the Photocatalytic Air Purification project sets new industry benchmarks by 
fusing advanced technologies, sustainable practices, and user-centric design, 
establishing itself as a leader in creating cleaner, healthier, and more connected 
living spaces. 
 
2. RELATED WORK 

Air purification technologies have advanced significantly due to growing concerns 
about indoor air quality and the need for sustainable solutions. This literature survey 
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reviews key studies and projects in the field, contextualizing the innovative "Air-
volution" Photocatalytic Air Purification project. 

Photocatalytic Technology in Air Purification [1] emphasizes the efficacy of 
photocatalysts in degrading pollutants when exposed to light, a breakthrough 
concept instrumental to the "Air-volution" project. 

IoT-Enabled Air Quality Monitoring [2] highlights the integration of IoT in air quality 
monitoring systems, underscoring the importance of real-time data collection and 
user interaction. This aligns with the real-time user control feature of the "Air-
volution" project. 

Compact Design for Enhanced Efficiency [3] examines the impact of compact 
design on the efficiency of air purification devices, a principle that resonates with the 
"Air-volution" project's compact and efficient unit. 

Sustainable Manufacturing in Air Purification [4] offers insights into eco-friendly 
manufacturing processes, aligning with the "Air-volution" project's commitment to 
cost-effective and sustainable design. 

Sensor Technology for Air Quality Measurement [5] explores the role of 
sophisticated sensor arrays in providing accurate data for effective air purification, 
a crucial aspect of the "Air-volution" project. 

Energy-Efficient Operations in Air Purification [6] emphasizes the importance of 
balancing performance with energy conservation, supporting the "Air-volution" 
project's focus on energy-efficient operation. 

Aesthetic Considerations in Air Purifier Design [7] highlights the integration of 
aesthetics in air purifier design, aligning with the "Air-volution" project's focus on 
combining functionality with visual appeal. 

This literature survey reveals a dynamic landscape of research and development in 
air purification technologies. The "Air-volution" project synthesizes these insights, 
integrating advanced photocatalytic technology, IoT capabilities, compact design, 
sustainable manufacturing, sophisticated sensor arrays, and aesthetic 
considerations. Through this comprehensive approach, the "Air-volution" project 
sets new benchmarks for efficiency, sustainability, and user experience in the 
competitive air purification market. 
 
3. PROPOSED METHODOLOGY 

The "Air-volution" project aims to revolutionize air purification by leveraging 
advanced technologies and innovative methodologies. This methodology outlines 
the systematic approach, including the integration of photocatalytic technology, IoT 
functionalities, sustainable design principles, and precise sensor technology. 

Photocatalytic Technology Integration: Advanced photocatalytic technology is 
core to the system, involving high-performance photocatalysts for efficient pollutant 
degradation. Rigorous testing will optimize catalyst combinations for various 
conditions. 

Seamless IoT Integration: IoT functionalities enable real-time monitoring and 
control. Strategically placed sensors will collect air quality data, allowing users to 
customize settings through an intuitive interface. 
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Compact Design and Material Selection: The project emphasizes a compact, 
efficient design using durable, high-performance materials for a sleek, aesthetically 
pleasing unit. 

 

Figure 1: Method of Air-volution 

Sophisticated Sensor Array: A sophisticated sensor array will provide precise air 
quality measurements, with sensors detecting various pollutants. Calibration and 
testing ensure data accuracy and reliability. 

Cost-effective and Sustainable Manufacturing: The manufacturing process will 
emphasize eco-friendly practices, selecting low-impact materials and optimizing 
production to minimize waste and ensure energy efficiency. 

User Testing and Feedback Iteration: User testing and feedback will refine the 
system, with real-world prototypes allowing for performance evaluations and 
iterative improvements based on user experiences. 

Continuous Improvement and Adaptation: Acknowledging technological 
advancements and user needs, the project includes continuous improvement 
phases, with regular updates and enhancements to maintain cutting-edge 
performance. This methodology ensures the "Air-volution" project delivers an 
effective, sustainable, and user-friendly air purification solution. 
 
4. PHOTO CATALYTIC VERSUS POLLUTANT CONCENTRATION 

This simulates the photocatalytic degradation of air pollutants over time. Let's break 
down the simulated output waveform point by point: 

1. Initial Concentration: The simulation starts with different initial concentrations of 
pollutants, ranging from 50 ppm to 90 ppm. 

2. Degradation Rate: As time progresses (x-axis), the concentration of pollutants 
decreases exponentially due to photocatalytic degradation. The rate of 
degradation is governed by the rate constant (k) and the initial concentration of 
pollutants. 

3. Exponential Decay: The degradation follows an exponential decay curve. 
Initially, the degradation is rapid, and the pollutant concentration decreases 
quickly. As time passes, the rate of degradation slows down, resulting in a 
gradual decrease in pollutant concentration. 
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4. Convergence: Eventually, the pollutant concentrations approach zero as they 
are continuously degraded over time. However, they never truly reach zero but 
approach it asymptotically. 

5. Different Initial Concentrations: The different initial concentrations of pollutants 
result in different degradation curves. Higher initial concentrations lead to higher 
pollutant concentrations at any given time, but all follow the same exponential 
decay pattern. 

Steady State: In a real-world scenario, the degradation process might reach a 
steady-state concentration, where the rate of degradation equals the rate of 
pollutant generation. However, this simulation does not include such dynamics and 
assumes continuous degradation until the pollutants are completely removed 

 

Figure 2: Photo Catalytic Versus Pollutant Concentration 

Overall, the waveform illustrates the effectiveness of photocatalytic degradation in 
reducing pollutant concentrations over time, with higher initial concentrations 
resulting in slower degradation rates. 

The proposed methodology for the "Air-volution" project reflects a comprehensive 
and systematic approach to revolutionizing air purification. By integrating advanced 
technologies, sustainable practices, and user-centric design principles, this 
methodology aims to deliver a solution that not only meets but exceeds the 
expectations of users, setting new standards in the competitive landscape of air 
purification technologies. 
 
5. PROPOSED METHODOLOGY 

This simulation illustrates the photocatalytic degradation of air pollutants over time: 

Initial Concentration: The simulation begins with pollutant concentrations ranging 
from 50 ppm to 90 ppm. 
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Degradation Rate: Pollutant concentration decreases exponentially over time due 
to photocatalytic degradation, governed by the rate constant (k) and initial 
concentration. 

Exponential Decay: The degradation starts rapidly and slows down over time, 
following an exponential decay curve. 

Convergence: Pollutant concentrations approach zero asymptotically but never truly 
reach zero. 

Different Initial Concentrations: Higher initial concentrations result in higher pollutant 
levels at any given time, but all follow the same decay pattern. 

Steady State: This simulation assumes continuous degradation without accounting 
for steady-state conditions where degradation equals pollutant generation. 
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Figure 3: Shows the Simulation with example values of 50 ppm, 60 ppm, 70 
ppm, 80 ppm, 90 ppm 

 
6. SIMULATION SETUP 

1. Initial Parameters: 

 Num Iterations: 5 

 Initial Pollutant Concentrations: [50 ppm, 60 ppm, 70 ppm, 80 ppm, 90 ppm] 

 Time Range: 0 to 3600 seconds (1000 points) 

 Rate Constant (Initial): 0.02 

Simulation Process: 

1. For each iteration: 

 Print iteration number for tracking. 

 Create a new figure to visualize degradation curves. 

 Loop through initial pollutant concentrations and simulate degradation over 
time using the exponential decay equation: degradation = pollutant * exp(-k * 
time). 

 Plot each degradation curve in a subplot, representing different initial 
concentrations. 

 Adjust rate constant k based on feedback (random increment). 

 Add an overall title indicating the current iteration number. 
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Visualization: 

 X-axis: Time (seconds) 

 Y-axis: Pollutant Concentration (ppm) 

 Each subplot represents a different initial pollutant concentration. 

 Curves illustrate pollutant degradation over time following the exponential 
decay equation. 

Iteration Adjustments: 

 The rate constant k is slightly adjusted after each iteration to reflect feedback-
driven tuning. 

 This simulates refining system parameters based on observed performance 
during iterative testing. 

This simulation visually represents the degradation process over multiple iterations, 
showing changes in pollutant concentration reduction based on adjustments to the 
rate constant or other parameters. It demonstrates an iterative approach to refining 
photocatalytic air purification systems for improved performance. The proposed 
methodology for the "Air-volution" project aims to revolutionize air purification by 
integrating advanced technologies, sustainable practices, and user-centric design 
principles, setting new standards in the competitive landscape of air purification 
technologies. 
 
7. OPERATION OF THE "AIR-VOLUTION"  

Photocatalytic Air Purification System 

The "Air-volution" system seamlessly integrates advanced photocatalytic 
technology, IoT capabilities, and sustainable principles. Upon powering up, the 
system performs a self-check, confirmed by LED indicators. The core purification 
process involves drawing airborne pollutants through intake vents, where they 
undergo photocatalytic degradation on the catalyst surface, breaking down into 
harmless byproducts. Internal sensors continuously monitor this process to ensure 
optimal performance. 

Simultaneously, an IoT-enabled sensor array monitors air quality in real-time, 
assessing metrics like particulate levels, VOC concentrations, and humidity. This 
data is accessible through a user-friendly interface, allowing users to track and 
analyse their environment's air quality. Users can customize purification settings via 
the interface, receiving real-time feedback to make informed decisions for a 
healthier indoor environment. The system operates with minimal energy 
consumption, using smart algorithms to optimize power usage based on real-time 
demand. 

Predictive maintenance features monitor the status of the photocatalytic catalyst and 
sensors, sending alerts when maintenance is required. Ambient LED lighting 
enhances the aesthetic appeal of indoor spaces while indicating system operation. 
The system supports over-the-air updates for continuous improvement, keeping it 
at the forefront of air purification technology. 
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The "Air-volution" system, using photocatalysis to degrade harmful pollutants, 
operates as an intelligent, user-centric solution. By synergizing advanced 
technology, IoT integration, and sustainable practices, it not only purifies the air but 
also provides users with unprecedented control and insights into their indoor 
environment. Its energy-efficient operation, maintenance alerts, and commitment to 
continuous improvement position it as a pioneering solution for cleaner and healthier 
living spaces. 

Let's derive the fundamental equations governing the photocatalytic degradation 
process in the "Air-volution" system: 

1. Langmuir-Hinshelwood Kinetics: 

The photocatalytic degradation process can be described using Langmuir-
Hinshelwood kinetics, which is commonly used to model surface reactions in 
heterogeneous catalysis. 

The rate of degradation (𝑟) of a pollutant can be expressed as: 

𝑟=k⋅C⋅θ------------------------------------------------(1) 

Where:  

 k is the rate constant for the reaction. 

 C is the concentration of the pollutant. 

 θ is the fractional surface coverage of the catalyst by adsorbed pollutant 
molecules. 

2. Langmuir Isotherm: 

The Langmuir isotherm describes the adsorption of molecules onto a surface and is 
often used to model the adsorption of pollutants onto the catalyst surface. 

The Langmuir isotherm equation is given by: 

𝜃=𝐾⋅𝐶/(1+𝐾⋅𝐶) ---------------------------------------(2) 

Where: 

 K is the Langmuir adsorption constant. 

 C is the concentration of the pollutant. 

3. Overall Rate Equation: 

Combining the Langmuir-Hinshelwood kinetics and the Langmuir isotherm, we can 
derive the overall rate equation for the photocatalytic degradation process: 

𝑟=𝑘⋅𝐾⋅𝐶2/(1+𝐾⋅𝐶) ------------------------------------(3) 

This equation represents the rate of pollutant degradation as a function of its 
concentration and the kinetic and adsorption parameters. 

Proof: 

To prove the derived rate equation, we start with the Langmuir-Hinshelwood kinetics 
equation: 

𝑟=𝑘⋅𝐶⋅𝜃---------------------------------------------------(4) 
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Substitute the Langmuir isotherm equation for 𝜃θ: 

𝑟=𝑘⋅𝐶⋅(𝐾⋅𝐶)/(1+𝐾⋅𝐶) ---------------------------------(5) 

Simplify: 

𝑟=𝑘⋅𝐾⋅𝐶2(1+𝐾⋅𝐶) ---------------------------------------(6) 

This equation represents the rate of photocatalytic degradation of pollutants in the 
"Air-volution" system, considering both adsorption and reaction kinetics. 

In summary, the "Air-volution" Photocatalytic Air Purification System operates by 
utilizing photocatalysis to degrade pollutants in the air. The rate of degradation is 
governed by Langmuir-Hinshelwood kinetics, which combines the adsorption of 
pollutants onto the catalyst surface described by the Langmuir isotherm and the 
subsequent surface reaction. 
 
8. RESULTS AND DISCUSSION 

"Air-volution" Photocatalytic Air Purification System 

The "Air-volution" Photocatalytic Air Purification System has shown impressive 
results in pollutant elimination, user control, and sustainable operation. Initial trials 
proved its efficiency in decomposing VOCs and particulate matter, while real-time 
user control empowered users to manage indoor air quality effectively. Its energy-
efficient operation and aesthetic integration received positive feedback, with 
continuous user input driving iterative improvements. Overall, the system's 
performance validates its innovative approach and sets the stage for future 
advancements in air purification technologies. 

 

Figure 4: Comparison of Air Pollutant Degradation Over Time: Novel vs. 
Existing System 

This graph compares pollutant degradation over time between the "Air-volution" 
system and an existing one. The x-axis represents time (0 to 3600 seconds), while 
the y-axis shows pollutant concentration (in ppm). The blue line illustrates the "Air-
volution" system, showcasing rapid pollutant reduction, whereas the orange line 
represents the existing system. Overall, the graph indicates the superior 
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performance of the "Air-volution" system in reducing pollutant concentrations over 
time, potentially enhancing air quality significantly. 

The "Air-volution" system outperforms existing systems in pollutant degradation, 
showcasing faster and more substantial reductions in concentrations. This 
underscores its potential for significantly improving air quality. Additionally, Titanium 
Dioxide (TiO2) stands out as a promising semiconductor-based photocatalyst for 
degrading various air pollutants into less harmful forms under ambient conditions, 
further highlighting its effectiveness in environmental remediation. 
 
9. CONCLUSION 

The comparison table summarizes the degradation efficiencies of various TiO2-
based photocatalysts for different pollutants. TiO2 itself is highly efficient, degrading 
NOx by over 80%. When doped with manganese, TiO2 becomes even more 
effective against NO, achieving a degradation efficiency of 80-95%. TiO2 filters and 
TiO2/activated carbon (AC) filters show varied efficiency for NO/NOx, with the 
former below 90% and the latter above 90%. 

Table 1: Degradation Efficiencies of TiO2-based Photocatalysts for Various 
Pollutants 

Sl. No Materials Degradations of pollutants Degradation efficiency 

1 TiO2 NOx >80% [9] 

2 
Mn doped 
TiO2 

NO 80-95% [10] 

3 
i) TiO2 filter 
ii)TiO2/AC filter 

NO/NOX.(low concentration) 
< 90 % [11] 

>90% 

4 SiO2/TiO2 toluene 30-40% [12] 

5 Fe-TiO2 toluene 14-37 % [13] 

6 Pt-TiO2 toluene 50-70% [14] 

7 Ag–TiO2/PU toluene 85% [15] 

8 TiO2/WO3 toluene 85 % [16] 

9 RGO-TiO2 toluene 95% [17] 

10 CdS/TiO2 toluene 81 % [18] 

11 Pn-TiO2 toluene >80% [19] 

For toluene degradation, the efficiencies vary significantly among different TiO2-
based materials. SiO2/TiO2 achieves 30-40%, while Fe-TiO2 ranges from 14-37%. 
Pt-TiO2 improves this to 50-70%, and both Ag–TiO2/PU and TiO2/WO3 reach 85%. 
RGO-TiO2 excels with an efficiency of 95%, the highest among the materials listed. 
CdS/TiO2 achieves 81%, and Pn-TiO2 exceeds 80%. 

Overall, the table highlights the varied efficiencies of different TiO2-based materials, 
with RGO-TiO2 showing the highest effectiveness for toluene degradation, and Mn 
doped TiO2 performing best for NO degradation. This indicates that the choice of 
dopant and composite materials significantly impacts the photocatalytic efficiency of 
TiO2 for different pollutants. 

Titanium Dioxide (TiO2) is a highly effective semiconductor-based photocatalyst for 
degrading organic and inorganic pollutants, such as methane, carbon dioxide, 
nitrous oxide, toluene, formaldehyde, and ozone. It excels in air purification, 
converting harmful pollutants into non-toxic forms using solar light under ambient 
conditions [8]. Various TiO2-based compositions demonstrate different efficiencies 
in pollutant degradation, as shown in Table 1. 
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