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ABSTRACT ARTICLEINFORMATION

In the current pandemic COVID-19, which started in late 2019, humans throughout the globe are living in a Article history:

situation, where all aspects of their lives either social, economic, or emotional have been affected. To inhibit the Received 11 August 2021

COVID-19 spread, using face masks in addition to social distancing and hand sanitation is suggested. In this Received in revised form 27 October 2021
survey, the idea of injecting natural agents that are biologically active into textile nanofibers is presented. Further- Accepted 24 December 2021

more, we present recent trends which, affect the filtration efficiency of mask material. There is a wide variety of

electro spinners on the market, which are easy to consume, secure, battery-powered, and handy that can be utilized

to achieve the electrospun nanofiber mattresses without difficulty. The appropriate electrospun filter mats can be Keywor ds:
applied in the fully made mask. Choosing the right voltage, the right concentration, and the space in the middle of COVID-19

the syringe needle and the holding gatherer is of significant importance for the synthesis of uniform nanofibers. ~ Facemasks
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1. Introduction person to other people while speaking, coughing, or sneezing, which has
increased the use of a face mask. It becomes quite important for front-

In the current pandemic COVID-19, which started in late 2019, hu- line health workers to wear facemasks to protect themselves and miti-
mans throughout the globe are living in a situation, where all aspects of gate its spread. Wearing face masks is widely recommended by health
their lives either social, economic, or emotional have been affected. The agencies and responsible governments ministries throughout the world
pathogens of this airborne disease can be transmitted from an infected as an obstacle between the surrounding contaminated environment and
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the respiratory system. Based on the transmission route, most guidelines
recommend a mask to prevent aerosol release and droplet transfer [1,
2]. Face masks that cover the wearer’s both mouth and nose are used as
physical obstacles to both particulate matter and liquids through a filtra-
tion performance [3, 4]. Masks can play at least two roles in preventing
the spread of the virus to the general population. Firstly, masks can have
arole in the spread of respiratory pathogens and the formation of turbu-
lent gas clouds [5]. Investigations show that masks can obstruct rapidly
bursting jets produced through coughing or direct the jets in very less
harmful ways to control the air infection [6]. Secondly, the mask materi-
al can filter out viral particles like droplets and airborne particles [7]. In
addition, infected people without any visible symptoms can decrease the
risk of contaminating others by properly worn facemasks.

There are several types of face masks. The basic fabric face mask is
the most common mask that can be utilized for a long duration of time.
In this pandemic, people may have to wear cloth facemasks for respira-
tory protection due to the unavailability or scarcity of N95 masks [8].
NO95 masks can filter 95% or more of tiny 0.3-mm particles. Although,
cloth masks have the ability to filter the viral particles during coughing
at about 50-100% of the filtration yield of surgical masks [9, 10]. These
masks are low-cost and lightweight masks that consist of a full-length
transparent polymer case and elastic headbands. It acts as a shield for
protecting parts of the face from direct contact with splashes of infec-
tious fluids while coughing, talking and, sneezing [11, 12]. Wearing a
face mask primarily protects others by reducing the number of aerosol
particles and exhaled droplets that may contain Covid-19. But, using a
mask is not enough to create a sufficient level of safety. Other actions
such as hand sanitation and social distance should be taken [13]. It is the
most severe of the three coronavirus epidemics in the previous two de-
cades after SARS-CoV-induced viral respiratory illnesses over 2002 till
2003 and the MERS-CoV (Middle East Respiratory Syndrome) by 2012
[14]. Wearing masks has been obligated in some European countries and
also other countries apply this law to different degrees. Several countries
have been obligated to use masks in shops and on public transports such
as Germany and, the Czech Republic, whereas countries such as Spain
have also been obligated to use masks out of the home. The Center for
Disease Control and Prevention in America, suggests using masks if
social distancing is not observed and not using breathing and surgical
masks [15]. A surge in the usage of facial masks and other protecting
supplies also caused a universal scarcity of raw materials and facial
masks [16]. The shortage of N95 respirators has led medical workers to
reuse their breathing masks for a long period. Consequently, healthcare
workers are looking for alternative filter materials to protect against res-
piration, and this has inspired a similar curiosity in proving the effective-
ness of various products, even those which were not initially designed
to keep safe your lungs from being infected by SARS-CoV [17]. The
current need for acceptable materials for use in face masks used by med-
ical staff and the general population is unprecedented. These materials
must sufficiently filter exhaled droplets and airborne particles that may
contain the COVID-19 agent, thereby decreasing the COVID-19 emis-
sion. Optimal materials possess good breathability, have high particle
filtration efficiencies, and - ideally - are comfortable and, washable with-
out filter damage [18]. A mask filtration efficiency indicates the holding
capacity of viruses and particles that exist in the air and is defined as
the efficiency rate and includes the time of use, the particle size and,
the amount of filtered air[11]. At the moment, there is neither profitable
antiviral therapy nor approved vaccine to protect individuals against the
COVID-19 agent.

As a result, urgent and significant efforts must be made extensively
to evolve reliable treatments. About 100 clusters around the world are
now involved in particular clinical trials and investigations [19]. Owing
to the significant impact of external parameters on the filtering perfor-
mance, determining the filtration mechanism has a high position. Only

by understanding and clarifying these processes, it will be possible to
improve and increase the mask filtration and design [20]. Explaining
how particles enter and investigating the mechanism has been one of
the points of attraction in this term. The filtration of a mask depends
on various techniques that include thermal return, the inertial impact
of gravitational deposition, electrostatic enticement, obstruction, and
emission [21].

Determination of the total efficiency of filtering is calculated via
adding the effect of distinctive filtering processes to efficiency. Thus,
separate particle purification mechanisms function should be considered
as the initial action [20]. On the other part, either explaining or designing
the bio aerosols penetration process into the mask is of great significance
[22-25]. This is significant when microorganisms and infected particles
arrive at the external layer of the mask. If it does not eradicate either the
microorganisms or the virus which have been attached to it, the infected
particles can pierce the face mask through capillaries and other diverse
methods [26]. In addition, a face mask generally alters to a collection of
viruses over repetitive respiratory activity, especially owing to the ex-
posure of the external layer to infected drops [27, 28]. Considering that
either bacteria or viruses remain in the masks and on the surface during
prolonged use, it is clearly undesirable and dangerous if they are capable
to remain active and survive in the hot, damp microenvironments con-
tained in the masks. Owing to the mask conditions and temperature and
the high humidity created in the breathing cycle, it leads to the produc-
tion of water evaporation in the face mask, and this procedure acceler-
ates the process of piercing and more quickly emission of bacteria to the
interior layers of the face mask. Numerical investigations in addition to
simulations have taken this fact into account as a physical mechanism in
mass transmission and transmission of heat in permeable materials [20].
To prevent these abnormalities, it is crucial to examine the particles and
bioparticles transport mechanisms in the face mask and to check the
model and usage of the mask according to such processes [29].

The purpose of this study is to review the particle filtration processes
via face mask and to study the effective factors like unstable or fixed
flow pattern, airflow or facial velocity, respiration frequency, relative hu-
midity, particle load status, temperature, and loading time of the efficient
mask filter. In addition, in this paper, we present recent trends which
affect the mask materials’ filtration efficiency.

2. Characteristics and transmission routes of
COVID-19

The size of the corona virus is 60 to 140 nanometers, and there are
nanorods 9 to 12 nanometers in size on its viral spherical capsid [30].
Both Middle East Respiratory Syndrome (MERS) and Severe Acute Re-
spiratory Syndrome (SARS) are also parts of the coronavirus class. The
SARS virus size is about 81 + 11 nm [31, 32]with at least 15 spikes [31].
MERSs surface area is 16 to 21 nm and the spherical shape is 118 to 136
nm in diameter. Virus spikes are present as a January 30of its image
under a scanning electron microscope [30]. Virus spikes (mainly pro-
teins) act as anchors to host cells and virus-carrying. Some viruses, like
coronaviruses, possess more spikes than others [33]. Coronaviruses like
SARS-CoV-2, SARS-CoV, and MERS-CoV, are capsulated viruses with
positive single-chain RNA genes. Particles of the SARS-CoV-2 virus
(Fig 1) range from 65 to 125 nm in size and are spherical to pleomorphic.
In the particle, viral RNA of 29811 nucleotides is firmly wrapped and
covered by nucleocapsid (N) protein. Membrane (M), envelope (E), and
three glycoproteins, called spike(S) embed into the external lipid mem-
brane. Spike proteins make homotimers that stick out of the lipid lining
and shape the “corona” characteristic. Spike proteins bind to the enzyme
angiotensin 2 (ACE2), which represents the cells of the expiratory tract,
mediating the entrance of the virus to host cells [34]. When these parts
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convert their structural organization and special settings, inactivation
can lead to virus inactivation [19]. It is recommended by the World
Health Organization (WHO) that the main routes of the COVID-19
agent transfer are being in touch with tainted surfaces and individual to
individual transfer (i.e., droplet emission). The virus fast spread besides
diverse investigations [35], for example, demonstrating at distances
greater than 1 to 2 m, though, it is recommended that different forms of
spread suchlike airborne spread perform a significant role [36, 37] [36,
38, 39] [36-38, 40]. But, the relevant details are still unclear. Drop trans-
fer is based on respiratory droplets that possess a diameter (dp) of 5 mm
and bigger in accordance with the WHO council [41, 42]. Transmission
of contact (or fomite) can happen through the virus-holding respiratory
droplets deposition on surfaces when physically contacted by an individ-
ual who later touches their eyes, nose, or mouth. In airborne (or acrosol)
transfer, the virus is transmitted through smaller aerosol particles (dp
<5 mm) or droplet nuclei hanging in the air, which are able to remain
hanging in the atmosphere for a long time. Spread through the air needs
that the virus stays in the nuclei of infectious droplets for a long time.
This is recognized to be the pathogen of measles, pulmonary tuberculo-
sis or chickenpox but, the survival of SARSCoV-2 in airborne particles
for more than one hour has also been shown [37]. Airborne particles
and respiratory fluids are the primary routes of COVID-19 infection in
asymptomatic persons who can subconsciously transmit the virus while
talking or breathing [43]. The droplets dimensions change the way of
contamination, large droplets (more than 20 micrometers) fall on things
easier in comparison with smaller droplets owing to the gravity of earth,
while small droplets (<5-10 micrometers) vaporize into the air and the
possibility provide airborne transmission [44]. Drops as small as 1 mi-
crometer have been reported to be able to remain in the air for more than
12 hours with a strong sneeze or cough that can transmit these particles
to more than 20 feet [43]. Particle spread is associated with loudness
while speaking or other vocal activities [45]. An analysis of cases in
Wauhan presented that 86% of people contaminated with Covid-19 were
asymptomatic, however, more than half of them were infectious (55%).
These contagious people led to 79% of new infections [46]. The epidem-
ic was announced a universal health crisis by the WHO on January 30,
2020, and the corona virus was officially named COVID-19 on February
11, 2020, by the director-general of the WHO [47]. As of December
11, 2021, 250,000,000 cases have been announced universal, of which
5.3 million have died. It is the most dangerous among three coronavi-
rus epidemics in two previous decades after SARS-CoV-induced viral
respiratory illnesses from 2002 to 2003 and MERS-CoV (Middle East
Respiratory Syndrome) by 2012 [14]. On March 19, guidelines were an-
nounced by WHO to obstruct COVID-19 infection. They suggested that
medical employees utilize face masks while taking care of doubtful sick
people, and also they cover their mouths while sneezing or coughing or
utilize masks [47]. To obstruct COVID-19 spread, wearing a face mask
is recommended as well as physical distance and proper hand hygiene

Hemagglutinin esterase (HE)

Nucleocapsid protein (N) + RNA Fig. 1. SARS-CoV-2 viral

Membrane protein (M) particles; a) Size, b) Com-
ponents.

Spike protein (S)

Host cell membrane

(e.g. WHO 2020b; Leopardine — German National Academy of Sciences
2020) [48].

3. Face masks principles

Face masks usage has a long history. The first reported usage of med-
ical masks was publicized in 1897 by Polish surgeon Jan Mikulic Radki
and his colleague, and the next year how these masks were able to de-
crease the release of droplets from a wearer’s nose and mouth [49]. The
face mask consisted of a gauze layer covering the nose and the mouth
[50]. In 1898 it was mentioned that the increase of gas layers increased
the mask protecting characteristic [50]. In the year 1899, Fliige pro-
duced face masks in which roller gas strips covered the mouth [51].
Mouth guards’ usage was evolved in 1905 to impede the transmission
of tuberculosis by preventing sputum drops [52]. In the 1930s, special
equipment was produced for face masks; (1) cover the nose and mouth
and be comfortable, and do not create fog in the glasses, (2) should not
allow transmission, and (3) be cheap and washable. During this period,
lightweight deflection masks started to be developed using diverse kinds
of materials located between the gases to reinforce the mask [50].

With more improvement of paper-based masks and filter masks,
the new mask based on filter became more efficient. Biodegradable
face masks were made in the 1960s as a molding frame [53] and then
face masks including fiberglass filters or polypropylene was made. This
transformation in disposable masks was reinforced in the 1970s when
three out of four of all face masks utilized were biodegradable. Now-
adays, gas masks or muslin are rarely used. Each mask has three main
layers, which are: I) PP spun-bond fabric, 2) middle layer with molten
PP fabric, and 3) outer layer with PP band spun fabric like the first layer.
The median layer has tiny holes in comparison with the internal and the
external layers and performs like a filter and prevents hurtful particles
from entering the body [15]. Respirators and masks are undoubtedly the
most significant part of PPE. Face masks are a physical obstruction to
expiratory aerosols which might come in by the mouth and nose and
expel mucus saliva droplets from contagious persons [54, 55]. Masks’
function might be especially significant during the COVID-19 pandem-
ic, where contagious people can shed the virus while presymptomatic or
asymptomatic [56-58]. There are various kinds of respirators and face
masks that provide diverse stages of protection to wearers [9, 15, 59-61].
With the advent of an epidemic that has remarkably raised the extreme
need for masks, there is a universal scarcity of access to surgical face
masks.

In this situation, it is suggested by the Centers for Disease Control
and Prevention (CDC) that the general citizens wear fabric masks in
public places to avoid the Covid-19 emission [15]. It has also caused
both usage and improvement of fabric masks by a considerable part of
the community [8].
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Multiple reforms have been made to the Health Care Center (HPSC)
guidelines by The National Public Health Emergency Team (NPHET)
for the usage of face masks on April 22, 2020, in response to the epidem-
ic of the Covid-19. After wearing the masks, lowering and raising them
on the mouth and nose is not advised. In addition, the safe elimination
of masks should be practiced [15]. The major goal of mask usage is
to inhibit breathing or trapping of both biological organisms (prions,
bacteria, fungi and, viruses) and floating particles (man-made or natural)
[22, 62, 63]. Mandatory masks usage has been implemented in several
European countries and different countries apply diverse stages [15]. It
has also been demonstrated that using a mask protects people who com-
municate with a stricken individual. Through an examination on five
hospitals in Hong Kong during SARS, hospital workers had to answer
questions relating to the protection devices they used and the data were
relevant to if they were contaminated with the Covid-19. It was discov-
ered that using a mask was only the most significant protecting device to
decrease the risk of infection (0 = 0001) and individuals who used N95
face masks or surgical face masks were not among the eleven contami-
nated employees [64]. Recently, Eikenberry et al. carried out modeling
research based on the infection of COVID-19 information achieved in
Washington and New York City showed that widespread use of facial
masks by the general public could remarkably decrease the mortality
rate and community transmission [65]. According to information from
February 20 to March 30, cumulative mortality is expected to decrease
further as more individuals use the mask over the next two months.
Hence, this research concludes that the acceptance of face masks at the
community level has great capability to assist reduce the general public
spread and the cost of COVID-19 epidemics.

Wearing masks, besides other non-pharmacological interventions,
can be an efficient control measure in a pandemic. A physical barrier
that inhibits the user to touch the face, the face mask can cause supe-
rior hand sanitation [66]. The opposite is also correct - people who use
it have an enhanced inclination to touch their face, as when wearing a
mask [67]. Also with the appropriate face mask, if droplets pass into the
eye, individuals who wear it can still become contaminated, therefore
highlighting the significance of extra protection [68].

The three-layer face mask is frequently utilized in the epidemic of
COVID-19. The three-layer face mask consists of three various layers
of non-woven fabric, each layer plays a particular role, like what is
exhibited in Fig 2. The external layer (usually blue) is water-resistant
and assists in expelling droplets like mucus saliva drops. The filter is
the median part that avoids the entrance of pathogens or particles of a
specific size in any route. The innermost layer of absorbent material is
produced to trap mucus saliva droplets from the wearer. It also absorbs
damp during exhalation, consequently becomes more comfortable.

The above three layers together preserve the wearer and individuals
surrounding them via restricting the entrance of pathogens and particles
in either direction [1].

Morteza H. Bagheri et al. analyzed either breathability or the filtra-
tion efficiency (FE) of multiple and single layers of various materials.
Since masks intended for general use must be washable and resistant,
100% cotton fabric was selected for the outer and inner layers. Suitable
weight, a large number of threads and, a firm texture are the character-
istics of a cotton mask that is efficient in either respiration or particle
purification. The cotton fabric was examined as both a double layer and
a single layer. The Morteza H. Bagheri et al. suggests a composite of
materials that contains a hydrophobic middle and external layer and a
hydrophilic internal layer. (“When and how to use masks” n.d.). Hydro-
philic layers can absorb water droplets better, whereas hydrophobic lay-
ers are capable of raising comfort and protecting the liquid barrier [18].

Facial masks are composed of tiny invisible sieves that are the oper-
ative layers of the face mask’s working process. The tiny invisible sieve
consists of interwoven mattresses made of tiny fibers which can produce
complex paths that air must pass through with every particle or virus and
bacteria inhaled during usage. While a mask is used, three various kinds
of particles can be prevented from reaching the user by four distinct
procedures. These particles are categorized into three dimensions, mi-
cro, Nano, and macro (Fig 3). Additionally charged particles have been
added up to three kinds of particles. Larger particles (over 600 nm) gen-
erally larger than the size of pore in the mattress are not able to pass via
the filters and are directly obstructed out of the masks by the tracing pro-
cess. For small particles (about 300 to 600 nanometers), these particles
can probably pass through the opaque holes of the mask sieve, however,
they are more likely to fall (just like every object moving in an indirect
direction at high speed) on the fibrous walls in their path via the entan-
glement of the fibers. It is strongly mentioned by the velocity and mass
of the particles, thus preventing the particle from ever reaching the user.
This mechanism is named collision /impact. Nano-sized particles (below
300 nm), have very little dimensions, so these can pass without difficulty
via the holes without hitting the hole barriers with the assistance of air,
however are bombarded by the surrounding atmosphere particles with-
out difficulty. To adsorb such-like particles, an adsorption process based
on diffusion is continued, which occurs only in branched nanofibers and
nanometer-sized fibers. Electrospun nanofibers are more capable on this
occasion. But, particles exist only in the range of micro and Nano (~
300 nm), they scarcely respect the impact/ collision process and the dif-
fusion-based recording process, and therefore filtering in many facial
masks is difficult. However, particles exist only between the micro and
nano ranges at ~ 300 nm, they hardly obey the diffusion-based recording
mechanism and the collision/impact mechanism, and therefore filtering
in many face masks is difficult. However, particles exist only between
the micro and Nano ranges at ~ 300 nm, they scarcely value the dif-
fusion-based recording process and the collision/impact process, and
therefore filtering in many facial masks is difficult.

Hence, this needs several layers of the mattress to postpone suchlike
particles and allow them to follow one of the procedures. The existence
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of several filtration layers causes a new difficulty of different engineer-
ing in the respiration of the ultimate product. Hence, it is significant for
an engineer to respond to two opponent requests of air either breathabil-
ity or filtration to meet a face mask perfect performance. Electrospun
nanofibers supply the required stability of appropriate mechanism su-
pervision through electrospinning. The latest technique is electrostatic
filtration, in which the filter consists of charged mattresses that can ab-
sorb opposing loaded particles to prevent them from reaching the user.

It is significant to mention that the facial mask must meet definite
standards. To illustrate, the MIL-M-36954 C: AP Respiratory Test,
which verifies resistance quantity of the face mask to airflow, the ASTM
F1862 which evaluates the face mask resistance to the entrance of liquid,
the particle filtration test determines the ASTM F2299. Which estimates
the filtration ability of the face mask, ASTM F2101. Bacterial Filtration
Test - which verifies the volume of bacteria bigger than 3000 nm that
possibly can be filtrated by the face mask, 16 CFR Flammability Test
Part 1610: Expansion of flame. Which evaluates the flame resistance of
the face mask properties. In addition, other significant regular examina-
tions can be performed, including; toxicity, biocidal efficacy, antiviral
efficacy, skin sensitivity, allergies, and more [13].

4. Essential parameters for filtration of masks

The effectiveness of a respirator or a face mask determines by two
important factors, fit (leakage of the facepiece) and filtration efficiency
[69]. The efficiency of a filter determines how much the mask filtrates
particles in certain dimensions that contains sub-micron particles and vi-
ruses, while fitting determines the way that respirator or mask obstructs
leakage surrounding the face [15]. Leakage between the skin and the
mask material allows air to move via the mask material without being
filtered. However, it was demonstrated by these estimations that very
few leaks of about one percent of the entire sample surface region could
significantly decrease the total filtration efficiency of the mask by fifty
percent or even less than its material importance. Hence, the leak area
must be minimized [48].

The mask filtration efficiency, which represents the mask material
adsorption efficiency is based on the concentration of particles (particles
cm-3) downstream and upstream (i.e. after and before the particles move
through the filter) [15] :

Downstream concentration

—]x100 1
Upstream concentration M

Efficiency (%) =[1

The volume of filter and therefore the rank of protecting against
pathogens and contaminants relies upon the engineering design and
materials used [9, 59-61, 70]. Many factors such as particle and flow
velocities (charge, size distribution and, concentration ) besides the

mask material properties ( packing density, chemical composition, di-
ameters of fibers, electrostatic charge and, mask thickness) can impact
the filtration efficiency of a particular material (see Huang et al., and
Tcharkhtchi et al. for more details)[11, 71]. Air pollutants vary greatly
in dimensions (Fig 1). The size of SARS-CoV-2 is between 60 and 140
nm [72], smaller than pollen, bacteria, and particles. Accordingly, both
respirators and face masks were produced by materials with greater pore
dimensions, like synthetic fabrics and cotton, which cannot efficiently
filtrate these fine virus-loaded droplets or viruses in comparison with
masks were produced by materials with much smaller pore dimensions.
In the same way, respirators and masks produced from or enveloped
with water-proof materials are more efficient facing great respiratory
droplets filled with virus and fluid leakage [73]. Membrane filtration
efficiency depends on packing density, the structure (fiber organization,
pore size), fiber load, fiber diameter, and thickness, etc. of the material.
It is concluded that fibers with large surface area and small diameter,
which create small holes in comparison with long fibers, result in in-
creased filter efficiency.

Numerous investigations have been performed to clarify the theory
of the filtration process via impaction and electrostatic enticement by the
fibrous conditions [15, 74-76]. The United States first advanced materi-
als for fiberglass filters and patented them in 1940. Then, high-efficien-
cy glass-fiber air filters emerged as filter materials and were utilized to
purify the room atmosphere. Filters with high efficiency produced from
very fine glass fibers with an optimal diameter of less than 0.3 mm are
utilized to more improve filtrating performance, and the efficiency of
the filter for particles equal to or larger than 0.3 m arrives at 99.998%.
Subsequently, Japan produced a filter with ultra-high efficiency, with a
particle filtrating efficiency of 0.1 m to 99.9955%. Utilizing an electro-
static process, the obtained ultra-thin PMAA (poly (methacrylic acid))
hydrogel can keep its cationic antimicrobial feature [77]. Also, an initial
investigation resulted in that electret filters (non-woven fibers) have an
elevated efficiency of filtering with inadequate resistance to air and high
particle holding space in comparison with traditional fiber filters [78].
Filtrating is determined by the electrostatic gravitational forces between
the aerosol particles and the mask matrix and relies upon the material
dielectric feature. Therefore, polymeric materials that electrically have
high stability and resistance, like polyacrylonitrile (PAN), polypropyl-
ene (PP), polyethylene, and so on are the most excellent options for both
respirators and face masks [78]. But, the hydrophilicity feature of these
polymer surfaces must be advanced for filtering aqueous particles and
effective trapping [15]. Three masks with various airflow resistance, fil-
tration efficiencies and, porosity, were compared recently in an inves-
tigation, Mask A has a filter plate, Mask B has two filters, and C is a
washable fabric Mask [79]. It has resulted in that mask B provides the
finest filtrating due to the highest filter efficiency and the lowest porosity.
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Mask A had large cavities that decreased filter efficiency, while mask
C possessed the top resistance to airflow, which can cause respiratory
problems.

Currently, different researches have been done for improving the
effectiveness of masks and respirators against very small particles like
different pathogens and viruses. These contain the use of qualified fil-
ter materials like nanofiber webs and nanofibers. Additionally, the anti-
septic ability of the virus can be advanced by purifying the surfaces of
the filter using substances that have antimicrobial features. The usage
of iodine [80, 81] silver nanoparticles (AgNPs), titanium oxide (TiO,)
[82], and copper oxide [83], etc. have previously been reported in re-
cent decades. The development and fabrication of nanomaterials have
improved considerably owing to the rapid growth of nanotechnology.
Electrospinning techniques are commonly used to make nanofibers [84].
It was shown by Skaria et al. that surgical masks containing nanofiber
filters in comparison with existing commercial masks, reduce airflow
resistance and improve filtration efficiency [85]. The maintenance of the
electrostatic charge was improved by combining other layers of filter
material with electrostatic fibers and thus improved the total filtration
efficiency. A very light binary structure of 6-polyacrylonitrile (N6-PAN
NNB) nylon nanofiber net was manufactured by Wang et al. for the in-
creased adsorption of tiny particles with a diameter of 2.5 um or less
(PM 2.5) [86]. N6-PAN NNB was synthesized from polyamide 6-15
(PA6-15) together with polyacrylonitrile (PAN) nanofibers via multi-
jet rotation. Compared to commercially available fibers, the compound
showed 99.99% filtrating efficiency and presented a deep bed filtration
template as opposed to the conventional fiber surface filtrating template.
A three-dimensional simulation of the construction was also planned and
a model of airflow resistance was developed based on the observed ex-
perimental information.

More investigations were performed on the strong composition of
nanostructures on nanofibers for improving filtration efficiency, decreas-
ing pressure drop while maintaining three-dimensional structure. A hi-
erarchical fluidized bed filter was fabricated with agglomerated CNTs
for filtering aerosol particles [87]. It was discovered that the produced
material in comparison with conventional filters had a high-quality fac-
tor (QF) and an increased waterproof property. In addition, a fiber mem-
brane of the polyether-silica electrode (PEI-SiO,) was fabricated by an
electrospinning mechanism [88]. A filtrating efficiency of 99.992% was
achieved via superior self-cleaning properties. This has been suggested
that constant SiO, bipolar orientation presents an opportunity to absorb
target particles and more pathogens, helps to trap more loads, and pro-
vides more stability. NIOSH performs several validation tests before
legalizing the use of a respirator or mask. These contain inhalation/ex-
halation tests, NaCl aerosol challenge, dioctyl phthalate (DOP) testing,
and valve leakage to confirm standards). In the NaCl aerosol examina-
tion, the examples are exposed to aerosolized NaCl, and the volume of
NacCl that moves through the sample evaluates the efficiency of filtering.
Airflow resistance and particle permeability are evaluated by the DOP
test where specimens are tested with particles in the most permeable size
series (0.3 um) [15]. In the following, the efficiency and the essential
features of the filter, and the impact of exterior factors on the filtering
process are investigated. Table 1 is presented as a summary for this part
to review and compare the various factors of external conditions [11].
The filtering process is an important aspect of efficiency and filter media
accuracy. Particle filtration is done via five sets of processes: (1) obstruc-
tion, (2) inertial latency, (3) spread, (4) gravity-related deposition, and
(5) electrostatic enticement. On the other part, deep filtering with longer
life and low proficiency takes place when microfiber is utilized, while
nanofibers can cause surface filtration process, shorter life and, elevated
efficiency. The use of vertebrate nanofibers is suggested for high effi-
ciency, shorter time and, deep filtration process.

Also, Akduman provided a layer of nanofiber containing polyvi-

nylidene fluoride (PVDF) and cellulose acetate (CA) with 100% me-
chanical filtering for respirators and face masks able to meet the charac-
teristic of N95 masks. The impact of pore size, thickness, and diameter
of nanofiber matte on filtering efficiency was compared [89, 90]. The
average PVDF nanofibers (236.50 nm) diameter was smaller than the
CA nanofibers (319.02 nm) diameter. Thus, CA nanofibers demonstrated
superior filtration efficiency [90]. The application of soluble blowing
spinning nanofibers (SBS) is an important stage in the development of
compound masks [91, 92]. Noel et al. (2019) utilized the SBS nanofi-
ber technique in composite multilayer filter masks and arranged three
various kinds of nanofiber materials, PVDF, cellulose acetate (CA) and,
polyacrylonitrile (PAN). They showed that the existence of functions
of various molecules in electrospun nanofibers has a serious impact on
the efficiency of a filter, for example, PAN nanofibers have the greatest
filtration efficiency (0.05 Pa ') with good air condition and permeabil-
ity, while among the whole of nanofibers investigated, the quality of
air filtering by PVDF with the quality coefficient (0.02 Pa ') was the
lowest [93].

5. Effective membrane materials for filtering

The membranes utilized for filtrating particles under the size of
micron should also enable the individual to respire and should not be
blocked when the particles attach to the outer layer of the face mask
[107]. The main techniques applied in the elimination of particles by
fibrous media contain gravitational deposition, inertial latency, spread,
and electrostatic enticement [108]. Particles are greater than 0.3 pm have
been reported to be mainly retained by inertial latency, while particles
smaller than 0.2 pm are absorbed by electrostatic enticement and filtra-
tion [109]. Important parameters affecting the performance of air filters
are permeability of air, the diameter of the fiber, the thickness of the
membrane. When the diameter of the fiber is reduced to the nanoscale,
the particle elimination efficiency (PM) can be greatly advanced owing
to high porosity and the increased surface region, therefore, the thick-
ness of membrane is able to be decreased to reduce the resistance of the
air [110].

Of all the nanofiber membrane fabrication techniques, the most
widely utilized method is electrospinning which fabricates constant
nanofibers from a polymer solution via an electrically charged jet. Due
to their extremely interconnected porous web and great particular sur-

Table 1.
Impact of exterior factors on the efficiency of a filter

Exterior factors The mask filtration efficiency Ref.

Ti £ loadi Enhance the time of loading, the efficiency en- [21,94]
ime of loadin; s
& hancement (but, there is virus gathering risk)

Temperature and  Enhancing temperature and moisture reduces

94-97
moisture the efficiency ( ]
Breathin

e Enhancing frequency reduces the efficiency [21]
frequency
Particle load
Efficiency reduces for not loaded particle [98]
mode
Flow pattern
(steady or Efficiency decreases for uncharged particles [21,95]
cyclic)
Face velocity Periodic flow reduces efficiency in comparison 3.8, 95]
(flow rate) with the steady flow T
Shape of par-
p' P Increasing flow rate, decrease efficiency [99]
ticles
Decreasing particle size, decrease efficiency [100
Particle size (globular shaped particles spread more than 106]

rode shaped particles)
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Fig. 4. Chart of relative dimensions of regular microorganisms and air pollutants.

face region, electrospinning membranes have been widely used for en-
ergy and biomedical utilization, and water therapy, in recent years, and
more currently since Lui et al., Has attracted a lot of attention about
electrospinning fibers for air filtration. By electrospinning transparent
polyacrylonitrile (PAN) nanofiber membrane of medium fiber diame-
ter of 200 nm produced and estimated for PM2.5 particle adsorption. In
comparison with available trading air filters, which are fabricated from
dense layers of micron fibers that balance filter function and air resis-
tance, the resulting nanofiber membranes achieve good optical clarity
(up till 90%), high filter effectiveness (&AMP; GT; 95%), Indicates
pressure (up to 132 Pa), and lightweight. Nano nets composed of tiny
charged droplets except electrospinning jets beneath the influence of a
high electric field have surprising properties such as very small diameter
(&AMP; Lt; 20nm), a certain great surface region, pore with little size
(&AMP; Lm; 200 nm), and high porosity, Which makes them desirable
candidates for filtering particles.

In the year 2015, Wang’s Group made a dual nylon nanofiber of
6-PAN ultra-light nanofibers with a high coating (& AMP; GT; 98%) of
nylon nanofibers packed with low-density PAN nanofibers. Arranged in-
terconnected membranes show the high efficiency of filtering (99.99%)
compared to 300 nm aerosol particles with a low base weight of 2.94 g
/ m2 and an acceptable quality coefficient (0.1163 Pa') beneath a high
rate of flow (90 liters per minute) that is considerably greater than trad-
ing glass fibers and filtration membranes based on molten polypropyl-
ene fibers. The same team introduced a multilayer air filter, which was
extremely integrated and consisted of polyamide-6 (~ 20 nm diameter)
nanofibers, polysulfide microfiber (diameter ~ 1 pm), and polyacrylo-
nitrile nanofibers (diameter ~ 200 nm), by consecutive electrospinning.

An integrated filter with high porosity and little by little different
pore constructions can effectively absorb floating particles in a gradient
manner with low resistance (as shown in Fig 4). Currently, Li et al. used
the netting /electrospinning mechanism to huge-produce of reusable
poly (vinylidene fluoride) nanonet/ nanofiber air filters that showed a
99.985 higher filtration efficiency than PMO0.26 and a lower reduction of
pressure to 66.7 Pa.

Inactive membranes that adsorb particles with a porous structure,
electrostatic air filters can be trapped in effective ways to increase ad-
sorption. Without dependence on the high density of tiny pores, the filter
thickness can be decreased and the removal efficiency can be kept under
airflow with low reduction of pressure. Electrostatic spinning, triboelec-
trification, and corona charging are three methods for the fabrication
of charged filtration materials. High filtration efficiency (EF) is based
on the charging procedures though charge retention is not dependent of
although is based on the electrical characteristics of the polymers and
also the media structure and the diameter of the fiber. Charged media
fabricated using triboelectrification possess a higher charge density.
However, FE needs two dissimilar electronegative characteristics of
the fibers. Triboelectrification and corona charging both can fabricate
bipolar materials. Corona charging has the ability to desirably modify

the FE on the uncharged materials of triboelectrification though not so
remarkable as via triboelectrification. Corona charging is applied to both
fabrics and fibers although it is superb to charge more significant density
fabrics than lower density ones. Fibers are charged in the process of
electrospinning and this condition can fabricate suitable fibers though
the speed of production per spinning nozzle is slow [111]. During the
process of electrospinning for making nanofiber membranes, the nano-
fibers can be charged by introducing load storage amplifiers in electro-
spinning solutions. In addition to the electrospinning process, corona
therapy is the other way to charge fibrous membranes under an extrinsic
electrical field.

Zhang et al. concocted nonwoven polypropylene electret as a load
booster by blowing melt and then charging the crown with magnesium
stearate. After charging at 10 kV for 30 seconds, the non-woven electro-
static precipitator showed a higher filtering efficiency of up to 99.22%
towards PM2.5, a low-pressure drop of 92 Pa, and an acceptable QF of
0.054 Pa-1. A new study showed the manufacture of PAN membranes
filled with AgNPs, ZnO, and TiO,, through electrospinning, and the fil-
tering performance was evaluated by NaCl filtration [112]. The TiO, F
filter showed the topmost efficiency of filtering (_100%), while the
Ag_ F filter demonstrated the topmost QF (=0.06 Pa). This can be relat-
ed to the high surface load and the smallest diameter of TiO, F, which
advances particle adsorption and lowers the drop of air pressure in Ag_F,
respectively. TiO, F demonstrated the forming of particle agglomera-
tions due to its great particular surface region and high reaction between
PAN fibers and TiO, nanoparticles [15]. Wang et al [7], developed a
suitable integrated environment for a high thermal and respiratory filter
containing a sulfone/ barium titanate (PES / BaTiO, NFM) nanofiber
membrane on a non-woven polypropylene substratum. It must be noted
that its injection charge energy is optimized and has high porosity. Ad-
ditionally, the PES / BaTiO3 membrane exhibits moderate water evap-
oration and good air permeability. Also, PES/ BaTiO, NFML1.5 electret
possesses high filtering efficiency (99.99%) and low drop of pressure
after treatment at 200 ° C for 45 minutes [11].

6. Development status of facemask manufacturing

Because the corona virus can be transmitted through particles and
airborne drops, breathing masks and N95 face masks are required and
need sophisticated certification.

Given this circumstance, the US Centers for Disease Control and
Prevention (CDC) suggests that “in places where face masks are not
accessible, health care workers may use home masks (like scarves, ban-
danas) to care for patients with Use Covid-19 as the final resort. Even
though droplets and aerosols can be eliminated using a series of fabric
fiber filtration mechanisms, their filtration performance has not been ac-
curately evaluated [113].

Civil health mask design requirements vary around the world. China
currently updated its standard under the “Chinese Civil Sanitary Mask
Design” together published by China Nonwoven and Industrial Textile
Association (CNITA), the China National Textile and Garment Council
(CNTAC). In this paper, airflow resistance, bacterial filtration efficiency
(BFE), flame retardant features, and PFE are the four major requirements
applied in the fabrication and design of face masks (Table 2) [114].

6.1. Encapsulation of bioactive agent

Compounds of bioactive causatives are discovered in plants, whole
grains, and some foods like nuts, fruits, oils, and vegetables. Indoles,
lignin’s, lycopene resveratrol and, tannins are examples that exist in bio-
active compounds and are being examined by researchers to help treat
coronary artery disease, cancers, and other illnesses [115].
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Table 2.
Quality requirements for the production and model of civil health mask in the
standard group T/CNITA 09104-2020 & T/CNTAC 55-2020 (China)

Test program Requirements

Mask for children Mask for
adult

Detachable carcinogenic aromatic amine dye/(mg/kg)  Prohibited to utilize

pH 4.0-7.5 4885
Formaldehydecontent/(mg/kg) <20
Ethylene oxide residue /(ng/g) <10

The fastness of dry rubbing/degree >4 >3
Airflow resistance/Pa <30 <49
Inorganic particle filtration efficiency/% >90
Bacterial filtration efficiency/% >95
Strength of connection between the mask body and >5
mask band/N
Length of nose clip/ cm >5.5 >8.0
Microbial diagnosis Necessities
The whole quantity of fungal colony/(CFU/g) <100
Streptococcus hemolytic Not found
Pseudomonas aeruginosa Not found
Staphylococcus aureus Not found
Escherichia coli Not found
The whole quantity of bacterial colony/(CFU/g) <200

There have been several articles on the salient features of these bio-
active agents existing in nature which injected from nanomaterials can
be used in favor of packaging applications and lesion curing [116-118].
However, no report has been presented on their potential usage in the
face mask filter membrane using the bioactive agent. In this study, we
summarized and presented opportunities for the use of nanofibers inject-
ed with these bioactive causatives for the use of face masks. Sometimes
it leads to skin infections and allergies. In this short study, we presented
the opinion of injecting bioactive agents existing in nature like moringa
and curcumin into textile nanofibers. The proposed masks are known
as anti-inflammatory, free of chemical odors and, anti-allergic. In con-
nection with the individual impacts of moringa or curcumin on masks,
moringa and curcumin synergistic effects are anticipated to provide the
above-mentioned extraordinary features and maintain antiviral func-
tion for a long time. The filterability and breathability of nanofibers in
face masks are determined by two contrasting morphological features
such as fibers surface area and porosity. Engineering the surface area
and porosity to an optimal status through the electrospinning method
presents a large possibility of a face mask with a bioactive agent. The
electrospinning process with changes in technology suchlike force spin-
ning and emulsion or coaxial provide a low-cost process with possible
morphological adjustment of the nanofiber surface and mass production
capacity [115]. By optimizing the nanofibers collection time, polymer /
bioactive causative concentration, and, nozzle position perform a sig-
nificant function in estimating the surface of the resulting nanofibers
in the role of an operative layer of the face mask fabric. It has been
recommended that nanofibers with dimensions between 100 to 500 nm,
which are arranged perpendicular to each other to prevent the passage of
pathogens, form a lattice structure and, provide better respiration [119].
In addition, textiles with a super-hydrophobic nature dry quickly and
provide superior resistance to fluid. It is important to notice that the face
mask injected with the bioactive agent must comply with commercial
standards, including washable (ASTM F2100), Particle Filtration Test

(ASTM F2299), flammability test (ISO 4589 Part 2), Breathing Test
(MIL-M-36954), Liquid Resistance Test (ASTM F1862), and bacterial
filtering test (ASTM F2101). Recently, three-dimensional printing has
been significantly applied to produce tailored seal manufacturing for the
improvement of mask fit and comfort. The 3D laser scanning can be
used for scanning precise facial factors to customize face mask seals,
with a customized and tailored face seal N95 template. Anthropometric
data of the nose protrusion, nose, and face lengths, jawline, and chin arc
measurements can be considered for this customized seal. In an investi-
gation via a Fused Deposition Modeling 3D printer, through prototypes
of face seal with Acrylonitrile Butadiene Styrene plastic 3 subjects indi-
cated modified contact pressure in comparison with application of 3M
8210 N95 FFR respirator masks [120].

In addition, examinations with phytochemicals collected from natu-
ral resources have demonstrated that bioactive compositions have previ-
ously been capable of killing pathogens or boosting the immune system
against coronaviruses, which has attracted little attention as a substitute
resource of medicines with fewer side effects [119, 121, 122]. In this
relation, Nano flora--nanoparticles enhancing biological improvement
in biological compounds was reported to increase the non-soluble phy-
tochemicals delivery, adapting antimicrobial drugs [123-125], including
therapeutic methods opposed to coronaviruses (CoVs) [126, 127] and
viruses [128-130].

6.2. Green Electrospun Nanofibers

On the market, there is a wide range of easy-to-use, movable, bat-
tery-powered, and secure electro spinners that can be utilized easily uti-
lized to attain electrified nanofiber mattresses [131]. Thus, after attaining
the correct electrospun filter mattresses, they can be used if placed in a
completely collected face mask. To get a functional face mask, A DO-
IT-YOURSELF (DIY) method is offered that can be followed at home.

Electrospinning is a new method for producing nanofibers because
it offers a low-cost, fast process and, exact control of nanofiber com-
pounds and geometric features. In electrospinning, high electrical forces
are applied to molten or polymer solution droplets to produce very fine
fibers with a diameter between 40 and 2000 nm and to eliminate the sur-
face tension of the liquid [132]. Choosing the space between the hold-
ing collectors, the right solution concentration, the syringe tip and, the
right voltage, are of considerable importance to the synthesis of steady
nanofibers. As the main section of this technology, filter media based on
nanofiber are key parts to increase filtering efficiency [133-137]. Elec-
trospun filter media based on nanofiber possess good bonding of cavi-
ties, high surface/volume ratio, controllable morphology and bonding
and, a low-pressure drop which makes them desirable for excellent fil-
tration. Due to their fragility, electrospun nanofibers cannot be used sep-
arately in the filter medium; they must be placed on a substrate, usually
a nonwoven fabric. Nylon, glass, cellulose and, polyester are common
materials utilized as a supporter for electrospun nanofibers. The sub-
strate must have great mechanical features to allow filter construction,
toughness and, arrangement in use [ 138]. To suggest filtration, substrates
are chosen for durability in usage, stratification, filter sanitizing and, fil-
ter fabrication. The use of nanofibers in respirators and masks is better
than commercial masks. Productive filters utilized in trading respirators
and face masks currently use PP fibers with a small diameter of about
500 to 1000 nm, these filters are attained with the assistance of steady
electricity. The pore dimensions reduce when the diameter of the fiber
reduces and the distribution of fiber per unit area gets denser. Melt blow-
ing with the help of electrostatics improves the quality of filtration via
producing a small load on the textile that enhances the absorbency of the
fabric. Several patents and studies have been recognized on nanofibers
in various respiratory and face mask applications [139-141]. Munzarova
created nanofibers fabrics barrier by electrospinning to be laminated on
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face masks. This preserves against the penetration of allergens, microor-
ganisms and, particles [142].

Skaria and Smaldone developed the first filter mask based on nano-
fiber in comparison with the N95 face mask. They recognized that the
prototype considerably decreased resistance to airflow, which led to
better adaptation of the face mask and enhanced the efficiency of fil-
tering, like that achieved during the N95 face mask usage [85]. Lee and
Gong with a little different perspective, reported the improvement of
polysulfide-based nanofibers for mask filtration, using electrospinning
to coat non-woven PP, to prevent the inhalation of detrimental contam-
inants into the foggy air. The thickness of the nanofiber mat was re-
formed during different periods of mass preparation (15 minutes <30
minutes <60 minutes) and these three nanofiber-based face masks were
compared with Ito PM2.5, non-woven disposable face masks, R95 and
NO95 masks and, non-woven operating room masks. It was found that
electrospun nanofiber face masks may be effective infiltration of PM2.5
particles while maintaining good respiration [143]. Also, Akduman pro-
vided a nanofiber layer of polyvinylidene fluoride (PVDF) and cellulose
acetate (CA) with 100% mechanical filtration for respirators and face
masks able to meet the N95 face masks specifications. The impact of
pore size, the thickness of nanofiber mat and, the diameter of nanofiber
on the efficiency of filtering was compared [89, 90]. The average diame-
ter of CA nanofibers (319.02 nm) was bigger than the diameter of PVDF
nanofibers (236.50 nm). Thus, CA nanofibers demonstrated greater effi-
ciency of filtering [90].

7. Conclusions and future aspects

The goal of this research was to examine the particle filtration mech-
anisms by face mask and to evaluate the effective factors such as effi-
cient mask filter loading time, respiration frequency, unstable or fixed
flow pattern, relevant temperature and humidity, particle load status, and
airflow or facial velocity.

In addition, in this article, we introduce new trends that will be ef-
fective for future investigations on the filtration efficiency of mask ma-
terials. Membrane filtration efficiency depends on fiber diameter and
thickness, the structure (fiber organization, pore size), packing density,
fiber diameter, and thickness, etc. of the material. It is concluded that
fibers with large surface area and small diameter, which create small
holes in comparison with long fibers, lead to increased filter efficiency.
The mechanism of filtrating is an important feature in terms of the effi-
ciency and accuracy of the filter media. Particle filtration is done via five
sets of procedures: (1) interception, (2) inertial latency, (3) spread, (4)
gravitation deposition, and (5) electrostatic enticement.

On the other part, deep filtering with a longer lifetime and lower
efficiency happens when microfiber is applied, whereas nanofibers cause
shorter life, surface filtration process, and high efficiency. The use of
vertebrate nanofibers is suggested for high efficiency, shorter time, and
deep filtration process. The main parameters affecting the performance
of air filters are membrane thickness, air permeability, and diameter of
the fiber. When the diameter of fibers is reduced to the nanoscale, the
particle elimination efficiency (PM) can be significantly advanced owing
to high porosity and the increase in specific surface area, and therefore,
the thickness of the membrane can be decreased to make certain low
resistance of the air. Electrospinning is the most widely utilized tech-
nique among all approaches to make nanofiber membranes that manu-
facture continuous nanofibers from a polymer solution via an electrically
charged jet. Electrospinning membranes present a highly interconnected
porous network and large specific surface area, therefore they have been
widely applied for biomedicine, energy-related applications, and water
treatment in recent decades. Filterability and breathability nanofibers in
face masks are determined by two contrasting morphological features

such as fiber surface area and porosity. Engineering the surface area and
porosity to an optimal level through the electrospinning method presents
a large possibility of a face mask with a bioactive agent. Electrospin-
ning is a new method for producing nanofibers because it presents a
low-cost, fast, accurate control of nanofiber compounds and geometric
features. It was reported by Lee and Gong that polysulfide-based nano-
fibers developed for filtration of a mask, using electrospinning to coat
non-woven PP, to prevent from breathing in detrimental contaminants in
the foggy atmosphere. The thickness of the nanofiber mat was reformed
during various periods of mass preparation (15 minutes <30 minutes
<60 minutes) and these three nanofiber face masks were compared with
Ito PM2.5, non-woven operating room masks, R95 and N95 masks, and
non-woven disposable face masks. It was identified that electrospun
nanofiber face masks may be capable of PM2.5 particles filtering while
maintaining good respiration.
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