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Abstract—The increasing levels of air pollution have
raised significant concerns about public health and
environmental sustainability. On a global scale, air pollution is
attributed to approximately 7 million premature deaths
annually, 70% of those deaths occur in Asia-Pacific region. Air
pollution poses a significant challenge in South Asian countries.
WHO database states two major groups of air pollutants
particulate matter (PM) and nitrogen oxides (NOx), the main
source of them primarily arises from vehicular emissions. Sri
Lanka is categorized as a country with a moderate level of air
cleanliness with a US Air Quality Index (AQI) of 78. The
average annual concentration of the pollutant PMzs is at 25
png/m3[1-3]. Among the pollutants emitted by automobiles,
microscopic particulate matter (PM) has been identified as a
major contributor to respiratory disease and climate changes.
This study presents a novel device designed to effectively trap
and filter particles emitted from vehicle exhaust. The device
incorporates a combination of three main components: cyclone
filter, electrostatic barrier and unique purification method
using aerosol cleaners. The cyclone filter removes the heavier
particles, while aerosols interact with most of the fine PM.
Additionally, an electrostatic barrier blocks the bypassing of
the remaining contaminated aerosols. The objective of this
study was to evaluate the device's performance in terms of
pollute particle removal ability with distinct way and hence
improve air quality. By focusing on removing PM from vehicle
emissions, this approach contributes to the promotion of
cleaner and greener transport technologies.
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. INTRODUCTION

Clean air is indispensable to mankind's wellbeing as well
as the planet's sustainability for future generations. The
breathable atmosphere has a principal bearing on our
respiratory system wellness and our general quality of life.
Unfortunately, air contamination has become a worldwide
predicament, placing numerous hazards on human health and
the environment. The exhausts spewed from cars are
accounted to be a major factor amongst many others. The
burning of fossil fuels in internal combustion motors
generates harmful toxins, such as carbon monoxide, nitrogen
oxides, particulate matter, and volatile organic compounds,
causing serious adverse health effects and environmental
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deterioration. With the ever-growing number of vehicles on
the roads, the need to devise impactful solutions to reduce
car emissions has never been greater.

One of the most concerning pollutants in the atmosphere
is particulate matter (PM). Particulate matter refers to tiny
solid or liquid particles suspended in the air, varying in size,
composition, and origin. It can be generated through natural
processes such as dust storms and volcanic eruptions, as well
as human activities including industrial processes,
combustion of fossil fuels, and transportation.

PM pollution has obtained considerable attention due to
its harmful effects on human health. These microscopic
particles can enter the respiratory system and penetrate deep
into the lungs, causing respiratory and cardiovascular
problems. Fine particles, known as PM,s, are of particular
concern as they are small enough to reach the lungs and enter
the bloodstream directly, potentially leading to systemic
health issues. Daily exposure to PM has been linked to
increased rates of respiratory diseases, lung cancer, and even
premature death. The impact of particulate matter extends
beyond human health, affecting the environment as well.
Fine particles can contribute to reduced visibility and haze
formation and decreasing air quality. Additionally, certain
components of particulate matter, such as black carbon, can
absorb sunlight and contribute to global warming,
influencing climate patterns [7-10].

Smoke purifiers, also known as automotive air purifiers
or vehicle emission control systems, are designed to remove
pollutants from the exhaust gases emitted by vehicles. These
devices utilize various mechanisms to trap and neutralize
harmful pollutants, thereby reducing their impact on human
health and the environment. Commercially available
emission control systems are incorporated with various
technologies such as high efficiency particulate air (HEPA)
filters, activated carbon filters, and UV-C sterilization to
effectively trap and neutralize airborne particles and
pollutants. These systems include components like catalytic
converters and exhaust gas recirculation (EGR) systems.
They work by converting or reducing harmful emissions,
such as nitrogen oxides, carbon monoxide (CO), and



hydrocarbons (HC), into less harmful substances. By  generator module (Fig. 3) was used as high voltage dc
evaluating the current state of smoke purifier technology, we source.

aim to identify the potential challenges and opportunities for
their widespread adoption in the automotive industry [11-
15].

Il. METHODOLOGY

Experimental setup (Figure 01) was composed with a
cyclone filter, an electrostatic barrier, aerosol generators and
a liquid filter. Cyclone filter was built with galvanized iron
(GI) sheet to prevent corrosion. Inlet of the cyclone filter was
connected PVC pipe and it was attached to a flexible Gl
hose. The flexible hose can directly be connected to the tail
pipe of the vehicle. Here PVC pipe is acted as high voltage
insulator in between the vehicle and purifying unit. The
cyclone filter, positioned at the inlet of the device, this initial
filtration step aids in reducing the load of coarse particulates
entering the subsequent stages of the device.

Fig. 2.(a) Electric field, (b) positive electrode and (c) negative electrode of
electrostatic barrier
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Fig. 3. (a) High voltage module, (b) mini water pump and (C) motor speed

Negative electrode controller

Due to the presence of positive and negative electrodes,
\ " an electric field is established in the vicinity of the system.
When an aerosol droplet passes by the negatively charged
electrode (mesh), the electric field induces ionization in the
surrounding air molecules and polarizes the aerosol. This
ionization process involves the removal of electrons from the
air molecules, leading to the creation of positive ions and
free electrons. The negatively charged electrode exerts an
attractive force on the positive ions within its proximity.
A. Aerosol Generator Consequently, these positive ions are drawn towards the
electrode due to coulombic attraction. Positive ions can
either reach the negative electrode or come into contact with
the polarized aerosol. If a polarized aerosol encounters a
positive ion or a free electron, the aerosol droplet acquires a
net negative or positive charge, respectively. As a result, it

u_tilized to separate PM from f’etefger_‘t liquid and hence can adhere to the electrode. This process can be regarded as a
filtrate can be recycled and then it was circulated through the trapping mechanism for capturing contaminated aerosols
system with aid of mini water pump (12 V 2 A, 3.5 L/min). (Fig. 4) [18-20]

The flow rate of the cleaned liquid was controlled with motor

speed controller (PWM 1803BK Mini DC Motor Speed The electric field near the positive point electrode is
Regulator 30 W) and therefore the atomization rate of liquid ~ highly concentrated and intense. As a result of this strong
could also be varied. Commercially available dishwasher  electric field positively charged aerosol droplets are not
liquid was diluted with water to get different concentrations allow to pass the positive electrode. This arrangement of

Flexible hose

Fig. 1. Experimental setup and a photograph of the emission purifier

Detergent  aerosol generators were built  with
commercially available low pressure atomizing nozzle and
they were fixed inside the cyclone filter and also a cellulose
filter was placed at the bottom of the cyclone filter. It was

of detergent liquid for the experiment. electric field acts as a barrier for charged aerosol droplets.
H H int electrode
B. Electrostatic Barrier "°\/ -\ * g N
The Electrostatic barrier was made with two electrodes, 0 e ‘\ _— '—’®
negative electrode was iron mesh and an aluminum blind (5
rivet was used as positive point electrode (Figure 02 (b), (c)). ..m.m_.Q = vy @ Lo
The electric field in this configuration exhibits radial ™o :“m":‘/ i
symmetry, meaning it extends outwards in a symmetrical e . ? ©

pattern from the point electrode towards the negative iron mesh -

electrode (Flg' 2)' CommerCIa"y available hlgh VOItage Fig. 4. Charging and trapping mechanism of aerosols with electric field
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C. Mechanism of Purification

First, exhausted gas from wvehicle is entered to the
cyclone filter so gas is in swirling motion toward the bottom
of the cyclone filter while making contact with detergent
aerosol which is coming from aerosol generators. Larger and
heavier particles in gas are migrated towards the walls of the
cyclone filter because of the centrifugal force and they are
washed down with detergent subsequently. Detergent aerosol
acts as a surfactant, enhancing the interaction between the
aerosol and the particles, facilitating their dissolution and
subsequent capture by filtrations. This innovative approach
aims to improve the overall particulate matter removal
efficiency, especially for hydrophobic and stubborn particles
that may be resistant to conventional filtration methods.

The remaining aerosol mixture, consisting of PM
particles with detergent aerosol droplets, is directed into the
electrostatic barrier. Here, these particles have two possible
outcomes: they can either adhere to the electrodes or be
pushed back towards the cyclone filter. This behavior is a
result of the electric field's influence, as previously
discussed. The primary purpose of this stage is to ensure that
aerosol droplets do not escape from the purifier.

D. Detection of PM

Monitoring and detecting PM concentrations in the
exhausted gas is crucial. The PM monitoring unit (Figure 05)
was made with the SDS011 sensor and few other electronic
components (arduno-nano, oled display, etc.). It can be used
for measuring PM levels in real-time. The SDS011 sensor is
an optical air quality sensor specifically designed to measure
PM,s and PMio concentrations. It utilizes a laser-based
scattering principle to detect and quantify the concentration
of particles suspended in the air. The sensor consists of a
laser diode that emits light and a photo-detector measures the
scattered light intensity. By analyzing the amount of
scattered light, the sensor can estimate the concentration of
PMasand PMyy particles in the surrounding environment [21,
22].
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Fig. 5. Circuit diagram of PM monitoring unit

Fig. 6. PM monitoring unit with SDS011 sensor, OLED display with arduino
nano

I1l. EXPERIMENTED RESULTS
1. Testing Purifier Unit with Diesel Vehicle

The experiment involved the use of a Nissan Vanette
diesel van as test vehicle. Initially, the concentration of
particulate matter (PM) in the exhausted gas was recorded
with PM detector without attaching an emission purifier unit.
Throughout the experiment, the van was maintained in
neutral mode without acceleration. Subsequently, the
emission purifier unit was affixed to the van's tailpipe. To
identify the dispersion of PM in detergent liquid, the
cellulose filter was temporarily removed, and detergent
liquid was collected in a transparent container for duration of
10 minutes. The transformation of the detergent liquid from
green to black with time was observed through visual
inspections (Figure 06).
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Fig. 7. Detergent liquid (a) initial and (b) after circulation through the system
for 10 min

Then the collected samples of detergent liquid were
characterized with UV visible spectroscopy
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Fig. 8. UV-visible spectrum of detergent liquid with PM



The emergence of a peak within the UV-visible spectrum
serves as a confirming indicator of the presence of a extrinsic
substance which was coming from exhausted gas of vehicle
compared to the pure detergent liquid. To further validate
PM dispersion in detergent, three liquid samples were
collected at varying circulation times. As the circulation time
increased, it was evident that PM dispersion in the liquid had
indeed grown, as confirmed by the heightened peak observed
in the UV-visible spectrum (Fig. 8).
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Fig. 9. UV-visible spectrum of collected detergent liquid after different
circulation time of liquid

Prior to assessing the device's effectiveness, cellulose
filter was installed back into the system. The exhaust gas
from the vehicle was then directed into a purifier maintaining
a constant flow rate during this process. As the gas exited the
purifier, it was recorded the PM concentration along with the
corresponding detergent concentrations. Subsequently, the
PM reduction percentages and detergent percentages were
calculated based on this data. Finally, it was graphically
represented for analysis. This process allowed us to evaluate
the performance of the device and its efficiency in reducing
particulate matter emissions from the vehicle.
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Fig. 10. The reduction percentage of PM with respect to the detergent liquid
percentage

The graph indicates that as the detergent percentage
increases, the reduction percentage of PM also rises.
However, this increase in detergent content is accompanied
by an elevation in liquid viscosity. Consequently, the
escalating viscosity poses challenges to the filtration process
of the contaminated liquid, primarily due to the thicker
consistency of the liquid. In order to maintain continuous
filtrations process, detergent percentage was kept at 20% and
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hence the maximum PM reduction percentage was 44%
under the above conditions.

IV. CONCLUSION

The removal of particulate matter (PM) from vehicle
exhaust gases, particularly using the novel detergent aerosol
method, was successfully demonstrated through this
innovative approach. It was validated through visual
inspection and further confirmed via UV-visible
spectroscopy. In the entire purification process of this device,
detergent aerosols serve as the primary cleaning agent, while
the electrostatic barrier technique is employed as a secondary
step to prevent the bypassing of any remaining aerosols.
When examining the gas flow path of the purifier, it's
important to note that there are no barriers, ensuring that
there is no increase in engine pressure of the vehicle. This
presents a significant advantage compared to commercial
and industrial smoke purifiers. Being the initial prototype,
this device is primarily befitted for diesel vehicles, especially
those with substantial emissions like public buses. However,
there is potential for further advancement to create a smaller,
more compact device suitable for all types of automobiles.
Automation can be incorporated to dynamically adjust
aerosol generation speed in response to vehicle acceleration,
achieved through enhancements in the filtration and
detergent liquid recycling processes. Moreover, this study
will provide valuable insights for automotive manufacturers
and researchers, fostering informed decision-making in the
pursuit of more environmentally friendly transportation
system by bridging the gap between theory and practice, also
this research aim to contribute to a cleaner and healthier
environment for current and future generations.
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