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Abstract

Air pollution is a significant global health concern, causing respiratory diseases, cardiovascular
disorders, and various cancers. The increasing population, industrial activities, fuel emissions,
and construction activities contribute to the formation of particulate matter, leading to air pol-
lution. The inhalation of fine particulate matter (PM2.5) and various toxic gases substantially
exacerbates these health risks. Traditional air filtration systems, while relatively effective at cap-
turing larger particles, fall short in capturing nanoscale pollutants. To address these deficiencies,
nanofibrous air filters have emerged as a significant innovation. Due to their large surface area
and high porosity, nanofibrous filters can effectively capture smaller particles and harmful gases.
Research has demonstrated that nanofibrous filters exhibit high efficiency in filtering PM2.5 and
smaller particles, as well as bacteria, and viruses. Furthermore, the long-term use of these filters
presents a significant potential to reduce health risks associated with air pollution. This study
emphasizes the critical importance of developing and implementing nanofibrous filter technolo-
gy and the innovative research in this field to improve air quality and protect public health. The
widespread adoption of this technology is viewed as an effective strategy to mitigate the adverse
health effects of air pollution and create healthier living environments. In this context, the study
presents insights into the current and future applications of nanofibrous air filters.
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Ozet

Hava kirliligi, kiiresel dlgcekte solunum yolu hastaliklari, kardiyovaskiiler rahatsizliklar ve kan-
ser tiirleri gibi ciddi saglik sorunlarina neden olmaktadir. Artan niifusa, endiistriyel faaliyetlere,
yakit emisyonlarina ve ingaat faaliyetlerine baglh olarak olusan partikiil maddeler hava kirlili-
gine neden olmaktadir. Ozellikle, ince partikiil maddelerin (PM2.5) ve cesitli toksik gazlarin
inhalasyonu, bu saglik risklerini 6nemli 6l¢iide artirmaktadir. Geleneksel hava filtreleme sistem-
leri, biiytik partikiilleri yakalama konusunda nispeten etkili olsalar da nano boyutta kirleticilerin
tutulmasinda yetersiz kalmaktadir. Bu eksiklikleri gidermek amaciyla, nanolifli hava filtreleri
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onemli bir yenilik olarak ortaya cikmistir. Nanolifli filtreler, genis yiizey alanlar1 ve yiiksek
porozite ozellikleri sayesinde daha kiiciik partikiilleri ve zararli gazlari etkin bir sekilde yakala-
yabilmektedir. Yapilan arastirmalar, nanolifli filtrelerin PM2.5 ve daha kiiciik partikiillerin yani
sira ¢esitli toksik gazlarin, bakteri ve viriislerin filtrasyonunda yiiksek verimlilik gosterdigini
dogrulamaktadir. Ayrica, bu filtrelerin uzun vadeli kullanimi, hava kirliligine bagl saglik risk-
lerini azaltmada 6nemli bir potansiyel sunmaktadir. Bu ¢aligma nanolifli filtre teknolojisinin ve
bu alanda yapilan yenilik¢i caligmalarin gelistirilmesi ve uygulanmasinin, hava kalitesini iyiles-
tirme ve halk saglhigini koruma agisindan kritik 6nem tasidigin1 vurgulamaktadir. Bu teknolo-
jinin yayginlastirilmasi, hava kirliliginin olumsuz saglik etkilerini hafifletmek ve daha saglikli
yasam ortamlar1 olusturmak icin etkili bir strateji olarak degerlendirilmektedir. Bu baglamda,
nanolifli hava filtrelerinin mevcut ve gelecekteki uygulamalar: i¢in ¢aligmalar sunulmaktadir.

Anahtar Kelimeler: Hava kirliligi, Hava filtreleri, Lifli filtreler, Elektret filtre

1. Introduction

The increasing global population, rap-
id urbanization and industrialization, wide-
spread use of agricultural chemicals and
harmful substances, and the rise in motor
vehicle usage have led to significant envi-
ronmental issues (Roser, 2023). Foremost
among these issues is air pollution, which has
become a global threat. Air quality is a criti-
cal factor that directly affects human health.
According to the World Health Organization
(WHO), approximately 10 million people die
prematurely each year from diseases relat-
ed to air pollution (e.g., pneumonia, chronic
obstructive pulmonary disease, lung cancer).
Of these deaths, 4.2 million are attributable
to outdoor air pollution, while 3.8 million re-
sult from indoor air pollution (Kumar et al.,
2023).

Air quality is determined by the concen-
trations of pollutants in the air, such as par-
ticulate matter (PM), nitrogen oxides (NOXx),
sulfur oxides (SOx), carbon monoxide (CO),
and carbon dioxide (CO,) (Nastase et al.,
2018). Particulate matter (PM) comprises a
mixture of solid and liquid particles, including
carbon, heavy metals, polycyclic aromatic hy-
drocarbons, soil particles, sea salt, and radio-
active substances (Yadav & Devi, 2018). The
chemical and physical properties of PM are
related to particle size and emission source.
The United States Environmental Protection
Agency (USEPA) classifies PM as particles
with diameters less than 1 um (PM1), less
than 2.5 pm (PM2.5), and less than 10 wm

(PM10) (Vijayan et al., 2015). Smaller par-
ticles, particularly PM2.5 and PM1, can eas-
ily penetrate the bronchi and lungs, causing
chronic respiratory diseases such as lung can-
cer, asthma, chronic obstructive pulmonary
disease (COPD), bronchitis, and cardiovascu-
lar diseases (Taneja et al., 2008).

A significant portion of the world’s popu-
lation resides in urban centers, spending most
of their daily lives indoors. Indoor air quality
is adversely affected by pollutants from out-
door air and inadequate ventilation (Yang et
al., 2021). Indoor air comprises gases such
as oxygen, nitrogen, carbon dioxide, and hy-
drogen, and the ratios of these gases deter-
mine indoor air quality. Indoor air pollution
is influenced by factors including outdoor air
quality, human activities, population density,
materials used, and indoor design (Kumar &
Kumar, 2012). Poor indoor air quality can
lead to various health issues such as cough-
ing, nosebleeds, breathing difficulties, eye ir-
ritation, headaches, stomach discomfort, and
allergic reactions (Pichatwatana et al., 2017).
Therefore, it is essential to remove or filter
these particles from the air. Filtration involves
passing air through filter surfaces with nano-
or micropores to separate particulate matter.
High-Efficiency Particulate Air (HEPA) or
Ultra-Low Penetration Air (ULPA) filters are
used in environments such as intensive care
units, operating rooms, and patient areas in
hospitals to filter the air (Schroth, 1996). Ad-
ditionally, it is crucial for individuals working
in high PM environments to use face masks.
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Nonwoven surfaces with nano- and micropo-
res are used in the production of filtration sur-
faces like filters and face masks to minimize
the harmful effects of inhaled air.

Since the pore sizes on the surface formed
by microfibers are very large, filtration effi-
ciency is low. Capturing very small particles
is not possible with traditional filters. This
situation has led to the development of nano-
fiber filters as a solution to traditional filters.
The pore sizes in nanofibrous surfaces are
also at the nanoscale, making it possible to
filter nanoparticles with these filters. Conse-
quently, nanofibrous filters offer higher fil-
tration efficiency than microfibrous filters for
air filtration. Filter surfaces composed of very
fine nanofibers (below 65 nm) can achieve
high solidity values through dense packing of
nanofibers (Bui et al., 2022). This condition
increases the pressure drop, causing the filter
surface to clog quickly and preventing effec-
tive particle filtration, which hinders the easy
passage of air through the filter surface (Bar-
hate & Ramakrishna, 2007). To prevent rapid
clogging of filter surfaces and high pressure
drop values, filter surfaces combining nano-
and microfibers are utilized (Gungor et al.,
2022). In bimodal filter structures, the pres-
ence of both nano- and microfibers results
in air flow values that span a wide Knudsen
range, allowing easier air passage through the
filter surface. The presence of mechanically
stronger microfibers in the filter surface en-
hances mechanical durability. Using bimodal
structures, filters with high filtration efficien-
cy, low pressure drop, and high mechanical
durability can be achieved (Lin et al., 2022).
Early studies on bimodal filter structures in
the literature are mainly based on simulations
or theoretical calculations. Initial studies on
bimodal fiber production were achieved us-
ing the melt blowing method. These studies
demonstrated surfaces composed of “island-
in-the-sea” type fibers obtained from two
different polymers with varying melting tem-
peratures and molecular weights, either ex-
truded separately, from a single extruder, or
converging at the die orifice (Soltani & Ma-
cosko, 2018). Additionally, there are studies
in the literature where bimodal structures are

formed by layering thick fiber layers and thin
fiber layers (Wang et al., 2017). Noteworthy
studies in this area include those incorporating
nanonets in their structure (Robert & Nallath-
ambi, 2020). Furthermore, there are bimodal
studies that combine electrospinning and melt
blowing (MB) methods to create filter sur-
faces. These studies utilize various polymers.
Fibrous surfaces produced from solutions can
be made from synthetic polymers like poly-
vinylidene fluoride (PVDF), polyacrylonitrile
(PAN), thermoplastic polyurethane (TPU),
polyamide-6 (PA-6) , polyamide-6.6 (PA-
6.6), polyvinyl alcohol (PVA), polytetrafluo-
roethylene (PTFE), or from naturally derived
polymeric materials such as gelatin, collagen,
chitosan, carboxymethyl cellulose (Han et al.,
2017). Fibrous surfaces obtained from melts
using the MB method can be produced from
various thermoplastic polymers like polyes-
ter (PET), polypropylene (PP), polybutylene
terephthalate (PBT), polylactic acid (PLA), or
naturally derived materials such as glass wool
(Kilic et al., 2015).

In this study, air pollution and air pollut-
ants will be mentioned and the filtration per-
formance and applications of nanofibrous air
filters will be examined. After the production
processes and structural features of nanofi-
brous filters, bimodal filters and electret filters
are explained, the effectiveness of these filters
on PM2.5 will be evaluated with experimental
data. Additionally, the potential health bene-
fits of long-term use of these filters and their
advantages over existing filter systems will be
analyzed. Finally, the role of widespread use
of innovative filters in improving air quality
will be discussed.

2. Air Pollution

All gases, particles, and microorganisms
that degrade overall air quality and harm hu-
man health are generally referred to as pol-
lutants. Multiple factors contribute to the for-
mation of pollutants, including outdoor air,
materials used in the environment, human
density and activities, design and equipment,
cleaning agents, temperature, humidity, and
HVAC (Heating, Ventilation, and Air Con-
ditioning) systems. To prevent air pollution,
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it is essential first to eliminate the sources of
pollution and then to clean the air and the en-
vironment. Unless the source of pollution is
entirely eradicated, pollutants will continue
to recur even if they are temporarily removed
from the environment. Air quality can be im-
proved through natural ventilation achieved
by using breathable walls in buildings. To
fully ensure air quality, it is crucial to have
detailed knowledge about pollutants. This
section examines pollutants under two main
headings.

2.1 Particle pollutants

Industrial activities, fossil fuel consump-
tion, materials used in indoor design and
equipment, HVAC systems, building mate-
rials, carpets, furniture, and office supplies
interact with outdoor air, leading to the for-
mation of particulate matter (PM) and indoor
air pollution. PM refers to a mixture of solid
particles and liquid droplets suspended in the
air (Chuang et al., 2014). These particles vary
widely in size; while particles such as dust,
smoke, and soot are visible to the naked eye,
much smaller particles can only be observed
with a microscope. The size of the particles
is crucial concerning their health effects. Fine
particles can penetrate deeper into the lungs
and may contain organic matter and heavy
metals. The atmospheric lifespan of particles
varies by size; PM2.5 and PM1 particles can
remain airborne for extended periods, where-
as PMI10 particles settle quickly (Li et al.,
2015).

Outdoor sources of PM include construc-
tion activities, dust emissions, and fossil fuel
usage. In residential areas, transportation
plays a significant role in increasing PM2.5
levels. Gasoline and diesel engines emit ap-
proximately 1 kg and 1.5 kg of particulate
matter per cubic meter of fuel consumed, re-
spectively, with 80% of these particles being
smaller than 1 pm (Toptas et al., 2021). Out-
door PM can be transported indoors by air-
flows, and indoor sources of PM include to-
bacco use, burning candles or incense, wood
or coal burning, and cooking activities (espe-
cially grilling or frying). A significant portion
of smoke consists of respirable particles small

enough to remain in the lungs.

Particulate matter comprises a mixture
of organic and inorganic substances, includ-
ing aromatic hydrocarbon compounds, heavy
metals, nitrates, and sulfates (Ravindra et al.,
2001). Considering these PM sources, indoor
air quality may vary periodically. Particular-
ly during periods of high fuel consumption,
increased traffic, and construction activities,
indoor air quality is expected to deteriorate.
Due to the different formation mechanisms of
PM, their content and health effects also vary.
PM can contain toxic elements and semi-vol-
atile organic compounds, posing significant
health risks. Inhaled PM can cause respiratory
irritation, allergies, and asthma, while asbes-
tos fibers can accumulate in the lungs, leading
to asbestosis and cancer (Rouf et al., 2022).
The health effects of PM depend on particle
size, concentration, physical and chemical
properties, and exposure duration. The con-
centration of PM and exposure time in the air
determines air quality.

2.2 Bioaerosols

Bioaerosols are a general term for air-
borne organic materials of biological origin,
such as bacteria, fungi, viruses, pollen, algae,
flies, and insects. Microbiological organisms
that contribute to air pollution and facilitate
disease transmission fall under the category
of bioaerosols. These organisms can be clas-
sified as either single-celled or multicellular.
Bioaerosols may include species that can
cause disease or act merely as carriers (Li et
al., 2017).

Bioaerosols typically thrive and spread
in dirty, wet, and humid environments, in-
cluding ceilings, furniture, and carpets. Ad-
ditionally, ventilation systems such as air
conditioners, steam-producing sources, beds,
and pets can also be sources of bioaerosols.
They can be transported from the external
environment through air or inanimate objects
and can also be carried as parasites on liv-
ing organisms. Under suitable environmen-
tal conditions, millions of bioaerosols can
form in a short period (Moon et al., 2014).
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Bioaerosols can cause poisoning, aller-
gies, and infectious diseases in humans.

The type and severity of the diseases
caused by bioaerosols in humans depend on
various factors such as the individual’s im-
mune level, the microorganisms’ resistance
to defense mechanisms, and air quality. Pre-
ventive measures to protect against bioaero-
sols should be implemented both at the indi-
vidual level and by eliminating these aerosols
from the environment (Zhang, 2004). Regular
cleaning and maintenance of the filters and
ducts of ventilation systems are essential to
prevent the formation and proliferation of
these microorganisms.

2.3 Effects of indoor air quality on

health and performance

Air quality is a critical factor that signifi-
cantly impacts human health and performance.
Industrialization, increased vehicle traffic,
and environmental factors can adversely af-
fect air quality, thereby influencing individ-
uals’ health and performance. Consequently,
air pollution and air quality are actively re-
searched and addressed topics in the fields

of medicine and environmental sciences. Air
pollution is a problem caused by the emission
of various pollutants into the atmosphere.
These pollutants include particulate matter
(PM), nitrogen dioxide (NO3), sulfur dioxide
(SOy), carbon monoxide (CO), ozone (0O3),
and volatile organic compounds (VOCs). As
shown in Figure 2.1, in particular, PM1 par-
ticles can cause inflammation and oxidative
stress in lung tissues, causing damage to cells
and deterioration in lung functions. This can
trigger the development of respiratory dis-
eases such as chronic bronchitis, asthma and
COPD, or cause existing diseases to worsen.
Additionally, these fine particles can pass
from the respiratory system to the circulatory
system, increasing the risk of cardiovascular
disease and increasing the risk of heart attack
and stroke. PM1 particles may increase the
risk of lung cancer by causing DNA damage
in lung tissue. It can disrupt the gas exchange
process by damaging the alveolar walls, and
disrupt the functioning of the immune system
by interacting with immune cells, reducing
resistance to infections and increasing the risk
of infection (Maurya, 2019).

Aerodynamic Diameter (um) of
particles and their likely region

of deposit

ISO 16890 Filter Ratings

5-10 pm

3-5pm

2-3 pm

1-2 ym

0,1*~1 pm

Nose and
Pharynx

Trachea

Bronchia

Bronchioles
Alveoli

*Efficiency on particles smaller than 0,3 micron is not defined by the ISO

PM, - The Smaller the More Dangerous!
A variety of studies are focusing on the health effects of PM1 particles:

Figure 2.1. Locations accessible to PMs in the respiratory system (Maurya, 2019).
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Air pollution is a particularly pronounced
issue in large cities and industrial areas. Emis-
sions from human activities such as vehicle
emissions, industrial facilities, energy produc-
tion, and domestic heating can significantly
affect air quality. The release of these pollut-
ants into the atmosphere can form clouds and
enter the body through respiration. The ef-
fects of air pollution on human health are var-
ied. Particulate matter can cause respiratory
infections and diseases, while ozone can lead
to asthma attacks and breathing difficulties.
Nitrogen dioxide and sulfur dioxide can cause
lung damage and cardiovascular diseases.
Volatile organic compounds (VOCs) increase
the risk of respiratory diseases and cancer. Air
pollution affects not only physical health but
also mental health and performance. Inhaling
polluted air can cause symptoms such as men-
tal fog, headaches, and fatigue, which can dis-
tract individuals and negatively impact their
performance.

Research by the United Nations has re-
vealed that 88% of people who spend a sig-
nificant amount of time indoors experience
various adverse effects associated with poor
indoor air quality. Deteriorated indoor air
quality not only harms individual health but
also negatively affects personal performance
and productivity of workers. Indoor air qual-
ity is defined by the United States Environ-
mental Protection Agency (USEPA) as air
that does not contain harmful concentrations
at specified levels and where 80% of the peo-
ple do not express dissatisfaction (EPA, 1997)
of a healthy working environment.

It is important to note that health, comfort,
and performance factors during work hours
are critical not only for employees but also for
employers. To ensure an efficient work envi-
ronment, it is essential to provide employees
with a healthy and comfortable indoor space.
Cost-benefit analyses indicate that expendi-
tures to improve indoor air quality can yield
long-term benefits. One study observed that
when the concentration of carbon dioxide
(CO2), a common indoor air pollutant, was
at 600 ppm, decision-making performance

saw a moderate and statistically significant
decline at 1000 ppm and a more pronounced
decline at 2500 ppm (Satish et al.,2012).In a
study by Wargocki et al., the impact of chang-
es in indoor air quality on the performance
of 10-12-year-old students was examined in
classrooms that provided 100% outdoor air
intake and were mechanically ventilated. An
increase in student performance was observed
with changes in the outdoor air supply rate,
demonstrating that indoor air quality has a
significant effect on students’ learning and
performance (Wargocki & Wyon, 2013).

3. Air Filters

The filter surface is an advanced nonwo-
ven textile product designed to filter a wide
range of particles from the air flow, includ-
ing microorganisms, fine dust, and pollen
[52]. Achieving air quality with minimal
concentrations of airborne particles, microor-
ganisms, fine dust, and pollen in indoor en-
vironments is a goal of both academic and in-
dustrial significance. The increasing number
of pandemic cases, environmental pollution,
and the high demand for clean rooms and
operating theaters have triggered significant
growth in the filtration industry. Due to their
high surface area-to-volume ratio, flexibility,
small pore size, and controllable pore struc-
ture, nanofibrous surfaces are in high demand
for various applications, including filtration,
sensors, tissue engineering, wound dressings,
energy generation and storage, and protective
materials (Tayyab et al., 2020).

Nanofibrous surfaces are produced using
various methods. These methods are funda-
mentally divided into two categories based on
obtaining fibrous surfaces from polymer melts
or solutions where polymers are dissolved in
appropriate solvents at specific ratios. The
melt blowing method is the most preferred
technique for the industrial-scale produc-
tion of fibrous surfaces with micron-level
diameters. Methods such as electrospinning,
solution blowing, centrifugal spinning, and
electro-blowing are particularly favored for
laboratory-scale production and research pur-
poses.
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3.1 Types of air filters and

filtration media

Filtration media can be defined as en-
vironments that filter particles from air or
other gases through a nanofibrous surface
and a depth filtration layer in the reverse
direction. This layer comprises a nanofi-
brous surface and a pre-filter surface where
the nanofibrous surface comes into con-
tact with the fluid during flow. Nonwoven
fabrics, especially those made from melt-
blown fibers, are used for pre-filtration.
The determination of the filtration media type
is generally dependent on the flow of the fluid
with which the particles come into contact. It
is categorized into two classes: depth filtra-
tion and surface filtration media. For depth
filtration, particles tend to accumulate in the
filter medium and penetrate into the network.
In contrast, surface filtration collects particles
on the surface of the network. It is known that
spunbond or melt-blown webs, felts, and fab-
rics made from a variety of materials such as
polyester (PET), polypropylene (PP), aramid,
cellulose, and glass are used as filter media in
depth filtration environments (Leung & Choy,
2018). The use of a static electric charge on the
depth filtration media enhances the filtration
efficiency of the melt-blown medium. The
electrostatic filtration mechanism, as shown
in Figure 3.1, is a system based on electrical-
ly charged particles to dramatically increase
collection efficiency for a given pressure
drop across the filter (Leung & Sun, 2020).

Electrostatic
attraction

Figure 3.1. Filtration mechanism
(Han et al., 2021)

Membrane is a type of surface filter that
has become increasingly popular in certain
applications such as liquid filtration involving
liquid aerosols or harsh chemicals. They can
be utilized in various fields due to their consis-
tent filtration efficiencies. The filtration effi-
ciency of a membrane is not dependent on the
cake layer formed due to dust particles. Com-
pared to depth filtration media, membranes
may exhibit relatively high pressure drop
and low dust capacity (Vijayan et al., 2015).
Air filters composed of nanofibers can cap-
ture small particles more easily and experi-
ence less pressure drop due to the very small
diameters of the fibers forming the structure.
Decreasing fiber diameters positively affects
the pore size distribution on the randomly
formed surface of the fibers, leading to chang-
es in the passing airflow, thereby reducing the
pressure drop between the two sides of the
filter and positively affecting pressure change
(Yilmaz et al., 2011). While smaller fiber siz-
es lead to higher pressure drop, the intercep-
tion and inertial effects compensate for the
increase in pressure drop. Thus, for particle
sizes above and below the micron level, bet-
ter filtration efficiency can be achieved at the
same pressure drop, or conversely, the same
filtration efficiency can be achieved with
smaller fiber sizes at lower pressure drop.

3.2 Performance criteria of air filters

Air filters are widely used in areas con-
cerning human health (such as face masks and
indoor air purifiers) and in places where low
aerosol concentration is required (e.g., clean-
rooms and sensitive instrument manufactur-
ing facilities), hence, the most valued aspect is
the effectiveness of filters. Filtration efficien-
cy is defined as the ratio of particles collected
by the filter, i.e., the ratio of the difference in
number concentrations of particles between
the upstream and downstream of the filter to
the upstream concentration of the filter (Tang
et al., 2017). This is expressed in Equation 1:

n=1- Cdown/Cup (1)
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Here, 1 represents filtration efficiency,
Caown represents the downstream particle con-
centration and Cup represents the upstream
particle concentration. The mathematical ex-
pression for the quality factor (QF), which
evaluates the quality of the filter sample con-
sidering both 1 and AP (pressure drop), is giv-
en by Equation 2 (Givehchi et al., 2016).

_ In(1-n)
QF = ———= (2)

4. Innovative Air Filters

Nanofibrous filters, electret air filters, and
bimodal structures have emerged as signif-
icant components in the production of inno-
vative air filters. Nanofibers offer effective
particle capture capabilities due to their high
surface areas and fine structures. These fibers
are produced using methods such as electro-
spinning, solution blowing, centrifugal spin-
ning, and electro-blowing, providing high ef-
ficiency in air filters through their micro-scale
pore structures. Nanofibers play a critical role,
particularly in filtering PM2.5 and smaller
particles.

Electret air filters enable particle capture
through electrostatic attraction using mate-
rials with permanent electric charges. These
filters have advantages such as low pressure
drop and high filtration efficiency. As electret
materials can retain electric charges for ex-
tended periods, filters of this type may have
longer lifespans compared to traditional me-
chanical filters. The performance of electret
filters depends on the dielectric properties of
the materials used and the distribution of elec-
tric charges.

Bimodal structures are created by com-
bining two different filter layers to capture
particles of different sizes and properties, or
by uniformly distributing fibers with two dif-

ferent average diameters in one layer. These
structures provide effective filtration across
a wide range of particle sizes. Typically, the
first layer in bimodal filters is designed to
capture large particles, while the second lay-
er targets smaller particles. This dual-layered
structure enhances overall filter performance
while minimizing pressure drop.

When nanofibers, electret air filters, and
bimodal structures are used together, they can
significantly enhance the effectiveness and ef-
ficiency of air filtration systems. The high sur-
face area and fine pore structure of nanofibers,
when combined with the electrostatic capture
capability of electret filters, can achieve high
filtration efficiency across a broad range of
particle sizes. Meanwhile, bimodal structures
support the multi-stage filtration capabilities
of these systems by effectively capturing both
large and small particles. These innovative
approaches hold great potential for improv-
ing air quality and reducing adverse health
effects.

In studies conducted within this scope, the
filtration efficiencies of nanofibrous surfac-
es obtained by spraying PA6 solution on the
same surface with different concentrations
using two solution-blowing nozzles have
been investigated as shown in Figure 4.1. The
quality factors of bimodal fibrous filter sur-
faces obtained by homogeneously depositing
nanofibers obtained with a 7 wt % solution
and microfibers obtained with a 20 wt % solu-
tion on the same surface were much higher
than those obtained from surfaces with only
nanofibers or only microfibers. This demon-
strates the impact of bimodal fibrous surfaces
on filter performance (Gungor et al., 2022).
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20 wt.% PAGB
solution

7 wt.% PAG
solution

Bimodal
Filter Web
Pressure Filter
QF
Sample Drop Efficiency
(Pa)

(Pa) (%)
SB-U-N 265 99.413 0.01939
SB-U-M 21 15.898 0.00824

SB-B 168 98.891 0.02680

SB

Nozzles Regulator

“\\\' O //[‘ i
'4 —
R

Vacuum

Compressor

= Conveyor

Figure 4.1. Bimodal fibrous study (Gungor et al., 2022)

In another study, filters with nanofiber/
nanonet structures were produced using the
electro-blowing method from solutions con-
taining different ratios of PVDF and polyeth-
ylene glycol (PEG) polymers. In this study,
it was found that increasing the content of
water-soluble, low-molecular-weight PEG in
the solution and applying a water bath process
to remove the PEG from the structure, as de-
signed uniquely within the scope of this thesis,
resulted in reduced fiber diameters and more
porous structures. The PVDF (3:7) sample
with the highest PEG content exhibited struc-
tures resembling nanofiber/nanonets arranged
in clusters with average diameters of around
170 nm and 50 nm. The filtration efficiency
of this developed sample showed a 3.6% in-
crease in value after the corona discharge pro-
cess, and a 60% improvement in the quality
factor. Consequently, as shown in Figure 4.2,
the PVDF (3:7) sample demonstrated the suc-
cessful production of nanofiber-based filters

with a very high 1 value (99.57%), a signifi-
cantly low AP (158 Pa), and thus a preferred
quality factor (QF) of 0.0345 (Toptas et al.,
2023).

In another study, bimodal filters were
obtained through the homogeneous distribu-
tion or layered use of nano- and microfibers
on the filter surface. The effect of bimodal
structural design was investigated by com-
paring the filtration performances of various
layer configurations and different diameter
fibers produced by melt blowing (MB), solu-
tion blowing (SB), and electro-blowing (EB)
methods (Figure 4.3). While maintaining the
basis weight of the filter samples at 30 gsm,
the use of four-layer (4L) structures result-
ed in increased air permeability compared to
single-layer samples (L). The 4L sample thus
created had a pressure drop value of 148 Pa
and the highest filtration efficiency (99.52%).
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Figure 4.2. The effect of nanonet structures on filter performance (Toptas et al., 2023)

Furthermore, replacing the MB layer in the
4L structure with a bimodal surface (BM)
layer obtained by homogeneously incorpo-
rating SB nanofibers into the MB increased
the filtration efficiency to 99.61% while AP
remained almost the same. The application of
corona discharge treatment to the filter sur-
face produced by melt blowing using PVDF

masterbatch resulted in the highest filtration
efficiency (99.99%) in the 4BML sample with
a bimodal structure. Even after one month, the
filtration efficiency of these samples remained
at 99.90%, demonstrating that bimodal fiber
distribution provided the highest advantage in
electret filters (Toptas et al., 2024).
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Figure 4.3.The effect of bimodal and electret structures on filter performance (Toptas et al.,

2024).
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Studies show that electret filters provide
effective filtration for much longer periods
of time. Although they showed very high
filtration values at first, filtration efficiency
may decrease over time as a result of relax-
ation, the presence of moisture in the air and
blockages. Compared to traditional filters,
they still exhibit high filtration performance
for months. In the study conducted by Zhang
et al., this result was demonstrated by show-
ing 98.5% filtration efficiency even after 2
months (Zhang et al., 2020).

5. Conclusion

The increasing population and rapid in-
dustrial development have led to a growing
need for clean air, and the use of filters plays
a significant role in purifying the air. Since
the fibers called traditional filters are at the
micron level, the size of these filters is larger
and they are insufficient to detect PM2.5 and
smaller diseases that are dangerous to human
health. In filter applications, the preference
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