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Abstract

This research addresses many grand challenges that face Egypt: reducing pollution, reducing and
adapting to the effects of climate change, working to eradicate public health issues and diseases, and
recycling and retaining garbage for recycling. Air purification systems emerged as crucial to mitigate
the negative effects of air pollutants. The purpose of the study is to deal with the increasing levels of
pollutants in Shubra El-Khima homes, including particulate matter (PM) and criteria pollutants,
using local recycled waste. First of all, research about different purification methods was done,
including activated carbon, photocatalysis using TiO: coating, and particulate air filters from plastic
fibers. After that, the chosen solution is to construct an air purification system that includes a prefilter
and the three methods as stages that target specific pollutants. Then, the air purifier has been
constructed using treated and recycled waste materials, and the design has been tested. Finally, the
major findings are that the prototype has achieved the design requirements, reducing the total
amount of pollutants by 89.08%, and further the CO specifically by 82.82% in nearly 5 minutes.
Furthermore, the iodine number of activated carbon was 354 mg/g. In brief, the prototype could
withstand a high concentration of pollutants of 11001 ppm. To sum up, the major conclusions are that
the project is effective, eco-friendly, and sustainable, representing a solution for the specified
problem.

Keywords: volatile organic compounds; particulate matters; adsorption; photocatalysis; titanium
dioxide; efficiency

Subject: Environmental and Earth Science - Other

1. Introduction

Egypt undergoes air pollution and poor waste management. For instance, as shown in Figure
1, the amount of greenhouse gas emissions in Egypt in 2019 was 352 million tons of CO2 equivalent.
Furthermore, emissions from oil refining factories and vehicles increase levels of harmful pollutants
in Shubra El Khima homes, also affecting the health of its citizens. Thus, solving this problem can
improve health and mitigate climate change.
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Figure 1. shows the amount of greenhouse gases emission in Egypt.

The selected solution is a filter with four stages. The first stage is a prefilter made of recycled
wire mesh and cotton to clear large particles and increase the lifespan of the filter. In addition,
particulate air filters from recycled plastic fibres are used to remove particulate matter. Also, TiO»-
coated recycled glass fibres were used with UV lamps to remove volatile organic compounds (VOCs)
and bacteria. Lastly, recycled coal is activated chemically to remove combustion gases such as
nitrogen oxides (NOx) and carbon oxides (COx) from the air.

The solution should be able to remove at least 90% of the contaminants from a 1500 ml volume
of contaminated air in at most 10 minutes, and the activated carbon must have an iodine number of
at least 200 mg/g to achieve the desired efficiency. The materials are all waste-derived and natural,
which will be explained in the next section.

2. Materials and Methods10/28/2025

Materials

Table 1. shows Materials.

1500 ml Plastic 1 A container for the filter
bottle. stages.
IV infusion set 1 A set of tubes and valves

for medical purposes. It is
used as a transportation

system for the air.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2172.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 October 2025 d0i:10.20944/preprints202510.2172.v1

3 of 13

2000 ml IV fluid

bag

A bag that contains fluids
for medical purposes. It is
used as a container for the

contaminated air.

Recycled plastic

fibers

2 sheets

Recycled plastic fibers
from packaging. It is used
as a particulate air filter
that blocks particulate

matter.

Recycled  glass

fibers

1 sheet

Glass fibers that are
recycled from conditioning
systems. It is used to carry

a TiOz coating.

Titanium dioxide

1Kg

Itis used as a
photocatalyst to remove
volatile organic
compounds and criteria

pollutants.

Sioxide
MW 7983 au-: | 8
g

Recycled coal

7 pieces

The remains of used burnt
coal. Itis used to clear

acid combustion gases.
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Recycled cotton 4 pieces | Cotton recycled from first
aid kit. It is used as a
prefilter stage, to block

large particles.

Arduino UNO 1 It is used to manage the

sensors and the fan.

Air pump 2 It is used to pump air and
regulate airflow in the

system.

Methods

At first, a 3D design for the prototype was made using Blender, as shown in Figure 2. Secondly, the
recycled carbon was crushed and put in a jar with bleach to activate the carbon, as shown in Figure
3, and was left for 5 days, was rinsed with water afterwards, and put in the oven for 20 minutes. After
that, the plastic bottle was split open, and the carbon was put in a small cotton sack at the end of the
bottle. Then, the glass fibers were coated with a suspension of TiO2 in vinegar (acetic acid solution)
and were heated for 30 minutes to dry and were put in the bottle. Next, the UV lamps were connected
to a breadboard and were put inside the bottle. Subsequently, the wire mesh, cotton fibers, and plastic
fibers were fixed together with glue and were put in the bottle. Following this, the small cooling fan
was fixed in the bottle and the bottle was closed with glue, as shown in Figure 4. Finally, the code
for the sensors was written and the sensors were put inside the fluid bag and the bag was closed
wisely with glue, and the IV set, the fluid bag, the air pump, and the bottle were connected, and the

sensors, the fan, and the UV lamps were connected to an Arduino UNO.
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Figure 2. shows a 3D model for the prototype.

Figure 4. shows the bottle with all the stages of the filter.

Data Analysing

1. The adsorption of activated carbon was tested by using 1.92 grams on 100 ml of 0.1 N potassium
iodide solution, filtering the solution from the carbon, and titrating it with 0.1 N sodium
thiosulphate to calculate the amount of iodine adsorbed. The amount of sodium thiosulphate
used to titrate the solution was estimated. The titration was done depending on the color of the
potassium iodide solution as an indicator.

2. As shown in Figure 5, the efficiency of the filter was tested by passing an air sample from the
combustion of paper that contained CO, VOCs, and particulate matter through the filter and
using the values given by the sensors to calculate the efficiency.

Figure 5. shows testing the filter and displaying the results on a laptop.
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3. Results

1. The amount of sodium thiosulphate used to titrate the solution was 39.5 + 0.1 ml, after plugging

it in the equation the iodine number equals 354 + 0.2 mg/g, by substituting in Equation 1 & 2:

(0.1 x 0.1 x 166 x 1000) — (0.1 x 248.18 x 1000 X 0.0395)
I, = 5 = 354.00

which means that it could remove 40.96% + 0.2 of iodine from the solution. Thus, 40.9% + 0.2 of
pollutants will be removed from the testing sample.

2. Anamount of air with a pollutant concentration of 11001.72 particles per million (ppm) includes
carbon monoxide (CO) concentration of 251.68 ppm was added to the filter, and it was able to
get rid of about 89.08% of pollutants, as shown in Figure 6 and Table 2, and about 83.23% of
carbon monoxide (CO) in the air, as shown in Figure 7 and Table 3, in only 5 minutes.

Concentration of pollutants in air
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Figure 6. shows the pollutants' concentration in the air during the test plan.
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Figure 7. shows the CO's concentration in the air during the test plan.

Table 2. shows the pollutant’s concentration during the test plan.

0 11001.72 156 2827.50 78 4657.80 234 1854.66
6 10331.34 162 2717.63 84 4488.98 240 1785.94
12 8767.99 168 2634.75 90 4307.88 246 1719.50
18 7719.67 174 2542.62 96 4150.01 252 1662.92
24 7085.93 180 2442.57 102 3981.03 258 1608.04
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30 6707.29 186 2388.05 108 3849.48 264 1562.02
36 6272.27 192 2293.15 114 3706.66 270 1480.78
42 6028.24 198 2221.13 120 3553.12 276 1423.65
48 5701.57 204 2161.11 126 3405.35 282 1361.65
54 5543.74 210 2092.87 132 3290.60 288 1308.51
60 5282.67 216 2026.51 138 3192.99 294 1256.88
66 5052.81 222 1961.55 144 3031.73 300 1200.86
72 4871.89 228 1907.43 150 2940.68

Table 3. shows the CO’s concentration during the test plan.

0 251.68 156 69.30 78 106.49 234 61.14
6 247.65 162 69.30 84 103.47 240 58.55
12 230.75 168 68.54 90 101.74 246 56.37
18 217.32 174 70.44 96 98.34 252 55.38
24 205.66 180 72.56 102 95.73 258 55.54
30 177.83 186 7217 108 94.32 264 53.60
36 177.83 192 73.94 114 92.01 270 52.95
42 159.85 198 73.73 120 90.19 276 51.37
48 137.04 204 73.35 126 86.86 282 49.67
54 123.96 210 72.95 132 80.85 288 46.81
60 119.20 216 71.98 138 76.73 294 44.19
66 114.04 222 70.82 144 73.45 300 4221
72 111.13 228 67.80 150 70.44

4. Discussion

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4.1. Prefilters

The pre-filter is a crucial technique, used before the main filtration process. The function of the
pre-filter is to intercept and hold large-sized particles like dust, hair, soot, and any other pollutants
that could potentially clog the main filter, this will increase the filter’s estimated lifespan and the
efficiency of the main filter stages. A Pre-filter reduces the concentration of PM2.5 in the air by a
percentage of 31% and 69% depending on the efficiency of the ventilation system (Kim et al., 2021).
The pre-filter of the prototype was chosen to be made of recycled wire mesh and natural cotton fibers.
The function of wire mesh is to prevent the leakage of large-size pollutants in the system like large
dust particles. Cotton fibers purify smaller particles from the air due to the small spaces between
fibers. The efficiency of cotton fibers in the purification of air from large particles is 70% in the case
of PM2.5 and 75% in the case of PM10 (Rana et al., 2023). Thus, these materials are suitable to be a
prefilter before the main filter stages.

4.2. UV-C Light

Ultraviolet light plays a crucial role in getting rid of harmful microorganisms. It can kill and
deactivate all bacteria, viruses, fungi, and molds in 60 seconds. UV light has 4 types according to its
wavelength. The types that are suitable for this role are UV-C and UV-B which have wavelengths in
ranges between (200-280 nm), and (280-315) respectively (Gémez-Lopez et al., 2021). Furthermore,
the wavelength of the UV rays of the prototype was chosen to be a UV-C light that has a wavelength
equal to 254 nm. This is because this wavelength was proven to be safe in many studies done on the
human body since it is a non-ionizing radiation (A Jawale, 2019).

The magnificent mechanism of this UV light occurs because the UV light photons have enough
energy for the bases in the DNA and the RNA in the harmful microorganisms. This is because of the
reaction between UV light photons and the nitrogenous bases (uracil, cytosine, thymine, and
adenine). This reaction affects the key functions inside the cells of harmful organisms such as genomic
transcription and replication. This leads the cell to death. Fortunately, this mechanism is effective not
only for bacteria but also for viruses. The main reason for this mechanism is that the genetic material
is a strong absorber of UV radiation, especially if its wavelength is about 254 nm.

4.3. Photocatalysis

Photocatalytic oxidation (PCO) is well-known for its effective performance in indoor air
purification by removing gaseous pollutants. To remove the accumulations of volatile organic
compounds (VOCs) and others, titanium dioxide has been used as a photocatalyst to coat the glass
fibers of the prototype, producing TiOz-substrate. The TiOz-coated filter has been used to treat the
pollutants emitted from burnt paper, such as carbon monoxide, carbon dioxide, nitrogen monoxide,
nitrogen dioxide, and water vapor, as demonstrated in the equations below. According to the
activation equation below, the TiO: is being irradiated with UV light to produce hydroxyl and
superoxide radicals, resulting in the oxidation of the VOCs into CO2, water, and some intermediate
compounds that are less harmful than before.

The activation equation:

TiO, + UV - h*+ e~

In this equation, h* and e are powerful oxidizing and reducing agents, respectively. The
oxidation and reduction reactions can be expressed as:

The oxidation reaction:

h* + OH"——> OH -

The reduction reaction:

e+ 0, » 05

When organic compounds are chemically transformed by photocatalysis, the hydroxyl radical
(OH>) is formed, derived from the oxidation of adsorbed OH-. The net reaction with a (VOC) can be
expressed as:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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OH- +V0C + 0, » nCO, + mH,0
Where m and n are variables dependent on the stoichiometric characteristics of the volatile
organic compound.

4.4. Filtration Using Activated Carbon

Activated carbon is a microporous form of carbon that removes pollutants and bad odors from
the air by physical adsorption. Granular activated carbon and powdered activated carbon are derived
from crushed carbon particles. Activated carbon in the form of granules ranging from the sizes of
0.2-5 mm is classified as GAC, while powder-activated carbon essentially ranges in the size of 15-25
microns. GAC, however, is the preferred choice out of the two for gas-phase adsorptions as they have
a large surface area and a highly developed pore structure (Bhave & Yeleswarapu, 2019). Physical
adsorption is trapping the contaminants in the pores of the activated carbon. Physical adsorption
implies that only weak interaction forces such as hydrogen bonding, van der Waals forces, and ionic,
electrostatic, and dipole interactions are involved between the contaminants and the activated
carbon. It is used in the project because it is highly efficient, inexpensive, and produces no by-
products. Carbon is activated by physical or chemical activation. Chemical activation is the use of a
strong acid like HCl or a strong base like NaOH to create pores in the carbon structure, then subjecting
it to high temperatures in the range of 500-700 °C (Ganjoo et al., 2023). A solution of 5% NaOH
(Bleach) was used to activate the carbon chemically and it was put in the oven for 20 minutes. One of
the fundamental ways to measure the activation of carbon is the iodine number, which is done by
putting a sample of activated carbon in a solution of iodine ions and then filtering the carbon with a
filter paper, titrating the iodine solution with a solution of sodium thiosulphate pentahydrate to know
the amount of iodine in the filtrate. The value is then used to calculate the iodine number which is
given by the following Equation 1:

Equation 1: I,, = %

Where M is the mass of activated carbon used in grams, and X is the mass of iodine adsorbed by
the carbon in milligrams which is calculated by Equation 2:

Equation 2: X = (My,1N;) — (M2 N,V)

Where Muw: is the molecular weight of iodine, Mw2 is the molecular weight of sodium
thiosulphate pentahydrate, N1 is the normality of the iodine solution, N2 is the normality of the
sodium thiosulphate solution, and V is the volume of sodium thiosulphate used to neutralize the
iodine ions. This process was used to measure the activation and effectiveness of the activated carbon.

5. Conclusions

A solution using four stages of purification has been selected to solve the problem of air and
waste pollution in Shubra El-Kheima from oil refining factories and vehicles. The prototype has been
constructed from waste materials and tested using an air sample with high concentrations of the
addressed pollutants. The iodine number of the activated carbon has been measured to ensure its
efficiency is sufficient to achieve the design requirements. It has been found that the prototype
achieved the design requirements and decreased the amount of CO2, smoke, and VOCs by 89.08%
and the CO specifically by 82.82% in nearly 5 minutes, and the iodine number of the carbon is 354
mg/g. It is concluded from the analysis and results that the use of a prefilter increases the lifespan of
the filter, the plastic fibers remove particulate matter, The TiO2 coating and UV light increase the
removal of VOCs, and the activated carbon removes combustion gases. This means that it represents
an effective solution for the specified problem because of its efficiency, sustainability, and eco-
friendliness. Mistakes from other prior solutions have been evaded. The Enviroklenz air filter is
effective but heavy and large, this was fixed by making the solution light, small, and applicable in
homes. The SEFU air filter is effective and recyclable, but it produces some harmful byproducts, this
has been fixed by using activated carbon with the TiO2-coated material so that any harmful
byproducts are removed by the carbon.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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6. Recommendations

1  Nanocellulose fibers:

Natural nanocellulose fibers are plant-based and composed primarily of cellulose — a complex
carbohydrate that can be extracted from some plants rich in cellulose. These fibers are mainly located
in the plant cell walls as shown in Figure 8. Natural cellulose fibers have some characteristics that
make them unique compared to any other fiber type. Firstly, natural cellulose fibers are characterized
by their sustainability. They are sustainable as the fibers can be harvested and grown again without
excessive harm to the environment. In addition, natural cellulose fibers are very thin monomers
called cellulose fibrils with thicknesses that equal 10-30 nanometers (Petroudy, 2016). This property
has high efficiency in purifying air from particles in the size between the range of their thickness.
Furthermore, these fibers are strong and durable which increases the efficiency of fibers in purifying
air. The main obstacle that prevented us from using natural cellulose fibers is that dealing with this
thickness requires high-efficiency types of equipment to deal with nanotechnology, but this is not
available for us to use.

Cell wall

Cellulose fibers.

Microfibril
"\ ’w\. AR ey

Fibers

Cellulose molecular chains

Figure 8. shows the location of cellulose fibers in the plants.

2 Electrostatic precipitators:

The electrostatic precipitation is used to clear the air of particles of all sizes. It can remove all
particles with the size of 1 micron or bigger. It has a significant efficiency since it removes about 90-
95% of dust and 80-85% of microorganisms (Lysakov et al., 2020). However, it is hard to be applied
since it needs a high-power voltage for the electrodes of about 6-15 kV.

As shown in Figure 9, it is built by connecting the electrodes with a high voltage (6-15 kV)
without connecting positive with negative electrodes. The electrostatic fields cause the electrons to
be released, which is called corona effect. So, when dust and small particles pass through the
electrodes, they get ionized and negatively charged, and they will adhere to the positive electrodes.

Figure 9. shows electrostatic percipitator.
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