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Abstract: COVID-19 viruses are primarily transmitted 
between people via respiratory droplets generated from 
an infected person while coughing, sneezing, exhaling or 
close contact. Hence, the use of masks are part of preven-
tion and control measures to limit the spread of COVID-
19. A comprehensive study on various materials used in 
masks is required. The filtration efficiency of cotton masks 
increases with increase in thread count and number of 
layers, but breathability is affected and therefore a risk for 
longer durations. Cotton-based masks have filtration effi-
ciency ranging from 5% to 80% depending on the number 
of layers. Combinations of different hybrid fabric materials 
and design have an efficiency ranging from 37% to 97%. 
Bio-cellulose, which is derived from cellulosic biomass 
by synthesis techniques involving various physical and 
chemical processes followed by refining techniques, pos-
sesses remarkable properties including biodegradability, 
biocompatibility, low toxicity, etc., making it the most 
suitable mask material. Masks made of bio-cellulose have 
an important property of hydrophilicity which makes it 
adhere to the face tightly, giving a cooling effect to the 
face. Use of nanocellulose masks can help attaining filtra-
tion efficiency up to 99.9980–99.9995% along with other 
desirable properties. Hence, there is an immediate need 
to address the issues and challenges of mask materials 
and work towards the design and development of low cost 
masks to overcome these shortcomings by the researchers 
and manufacturers.
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1  Introduction
Coronaviruses cause respiratory infections ranging from 
common colds to more severe diseases such as the Middle 
East Respiratory Syndrome (MERS) and the Severe Acute 
Respiratory Syndrome (SARS). Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) caused the coronavi-
rus disease in 2019 known as COVID-19. COVID-19-causing 
viruses are transmitted through droplets generated from 
an infected person while coughing, sneezing or exhaling. 
One can easily get infected by coming in contact with an 
infected person or by making contact with virus-contami-
nated surfaces and then touching the eyes, nose or mouth 
before washing the hands properly. The most common 
symptoms of COVID-19 are fever, tiredness, dry cough, 
loss of taste, throat infection, etc. However, these symp-
toms may not be reported in many of the infected patients 
whom we refer to as asymptotic patients. At present, there 
is no specific vaccine or treatment available for COVID-
19. However, about 70–80% of people recover from the 
disease without any special treatment.

SARS-CoV-2 particles are spheres with diameters of 
approximately 0.125 μm (125 nm). The smallest particles 
are 0.06 μm, and the largest particles are 0.14 μm. The virus 
particles have 9 to 12 nm distinctive spikes [1]. SARS-CoV-2 
can travel through a limited distance and settle down 
within 1–2 m. The available results suggest that sneezing 
and coughing can repel the coronavirus even farther than 
1–2 m in some favorable conditions [2]. However, there 
is uncertainty on the spreading of SARS-CoV-2 through 
smaller aerosols to a longer distance floating in the air. 
Researchers suggest that it can remain in the air for about 
3 h in controlled laboratory conditions [3].
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COVID-19 spreads through contact or coming close 
to an infected person. It affects the respiratory system 
by entering through the mouth or nose. Hence, the use 
of masks is taken as a measure of prevention. National 
guidelines are prepared, circulated and made compul-
sory to follow by health care workers and the general 
public of all other professions. In its new guidelines on 
June 06, 2020, the World Health Organization (WHO) has 
said, “Masks can be used either for protection of healthy 
persons (worn to protect oneself when in contact with 
an infected individual) or for source control (worn by an 
infected individual to prevent onward transmission)”. 
Now, in the revised guidelines it suggests that everyone 
should wear fabric masks (non-medical) in public. Fabric 
masks should contain at least three layers of different 
materials. On the other hand, any person showing symp-
toms of COVID-19 should wear a medical mask as well as 
self-isolating and seeking medical advice as soon as they 
feel unwell. On account of WHO guidelines, several coun-
tries have made it mandatory to use a face mask in public 
places to restrict COVID-19 transmission.

Four types of face masks are used for COVID-19 pre-
vention. These are homemade cloth masks, surgical 
masks, N95 respirators and activated carbon masks. As of 
today, masks made of various materials and designs are 
in use [4–7]. N95 is the most effective mask which filters 
95% of particles with a diameter of 0.3 μm. Surgical masks 
are less effective than N95 and are able to filter 60–80% 
of smaller particles. Homemade masks with dense mate-

rials cause breathing problems and are able to filter only 
23 to 33% of 0.3 µm particles. The activated carbon masks 
contain an activated carbon filter, which help to collect 
and filter out the pollutants and germs. The activated 
carbon masks work well in fighting pollution and tiny 
particles like bacteria and fungi which spread through the 
air we breathe in, and thereby, prevent allergies. However, 
the activated carbon masks do not work exceptionally 
well in fighting or preventing viruses like COVID-19. They 
can only trap a minuscule number of viruses (10–20%) [8]. 
There is a lot of conflicting information regarding corona-
virus protection by using masks. Masks can filter particles 
as small as 0.007 μm. Study [1] reveals that surgical masks 
or N95 masks can filter coronavirus-sized particle or even 
10 times smaller. However, there are many other quality 
requirements of a good mask which are not fulfilled by 
these masks.

Cloth masks reduces the risk of virus release by the 
infected person to a great extent. However, the protec-
tion of these household-made masks is doubtful, as many 
factors such as permeability of household material used, 
types of fiber used, design pattern of the mask, etc. are not 
known or investigated in a systematic manner under dif-
ferent physical conditions. It is also known that the fiber 
behaves in an unpredictable way under moisture or sun 
light. Therefore, a general guideline for mask selection is 
presented in Figure 1.

As per the WHO COVID-19 situation report [9], corona-
viruses can be transmitted from symptomatic, pre-symp-

Figure 1: Available masks and their selection.
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tomatic and asymptomatic people infected with COVID-19. 
A symptomatic COVID-19 case is a case that has developed 
signs and symptoms compatible with COVID-19 virus 
infection. A symptomatic infected person poses a major 
threat in transmission of the virus. The incubation period 
for COVID-19 is the time gap between when the person first 
got exposed to the virus and the onset of symptoms. There 
is a fair amount of chance that these pre-symptomatic 
patients are transmitting the virus before getting tested 
positive. Asymptomatic transmission refers to transmis-
sion of the virus from a person who does not develop 
symptoms, and very few asymptomatic cases have been 
reported as part of contact tracing efforts in some coun-
tries. For these reasons, a detailed study on masks and 
their material is essential to cope with the ongoing COVID-
19 pandemic. The other reason of this study is due to the 
potential side effects of wearing face masks [10,11]. WHO 
mentions some potential harms and disadvantages of the 
use of face masks by healthy people in the general public. 
These include increased risk of self-contamination due to 
manipulation of a face mask, potential self-contamination 
if non-medical masks are not changed when soiled or wet, 
potential headache or breathing difficulties, and a false 
sense of security, leading to potentially lower adherence 
to other critical preventive measures such as physical 

distancing and hand hygiene. Keeping view of this new 
development and announcement by WHO regarding mask 
wearing, it is now necessary to educate people regarding 
the merits, demerits and suitable materials available for 
masks which can provide all aspects of protection and 
comfort. In this paper, it is tried to update the benefits 
and new materials available for masks which can be used 
safely and comfortably.

2  Mask materials
Coronaviruses are very tiny and most fabrics cannot 
be used as a material for masks. The objective of using 
masks is not only to prohibit entry of the virus, but also 
to allow sufficient air to breathe comfortably. When the 
virus comes in contact with a larger particle — like water 
droplets or mucus droplets that come out of the mouth 
and nose when one coughs, sneezes or talks — homemade 
masks from ordinary fabrics can block those droplets. 
However, the smaller particles may still pass through the 
mask. Capability of blocking those droplets is one criterion 
for selection of mask material. Mask materials are graded 
according to several criteria. The bacterial filtration effi-
ciency (BFE), breathability, splash resistance (synthetic 

Table 1: Filtration efficiency of various cotton mask at flow rate 1.2 CFM [15]

Face mask material

Filter efficiency (%)

Particle size

<300 nm >300 nm

cotton quilt (two layers of 120 TPI cotton filling: ~0.5 cm; 90% cotton, 5% polyester, 
5% other fibers) 96 ± 2 96.1 ± 0.3

quilter’s cotton (80 TPI), 1 layer (100% cotton) 9.0 ± 13 14 ± 1

quilter’s cotton (80 TPI), 2 layer 38 ± 11 49 ± 3

flannel (65% cotton and 35% polyester) 57 ± 8 44 ± 3

cotton (600 TPI), 1 layer (100% cotton) 79 ± 23 98.4 ± 0.2

cotton (600 TPI), 2 layers 82 ± 19 99.5 ± 0.1

chiffon, 1 layer (90% polyester, 10% spandex) 67 ± 16 73 ± 2

chiffon, 2 layers (90% polyester, 10% spandex) 83 ± 9 90 ± 1

natural silk, 1 layer (100% silk) 54 ± 8 56 ± 2

natural silk, 2 layers (100% silk) 65 ± 10 65 ± 2

natural silk, 4 layers (100% silk) 86 ± 5 88 ± 1

hybrid 1: cotton/chiffon 97 ± 2 99.2 ± 0.2

hybrid 2: cotton/silk (no gap) 94 ± 2 98.5 ± 0.2

hybrid 2: cotton/silk (gap) 37 ± 7 32 ± 3

hybrid 3: cotton/flannel 95 ± 2 96 ± 1
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blood), microbial cleanliness and biocompatibility are 
some of the factors taken into consideration for grading 
the mask material. Standard specification (ASTM F2100-
11) [12], for performance of material used in medical face 
masks, describes the tests and requirements with which 
the mask materials have to comply.

2.1  Cotton fabric

Most of the population prefers homemade cotton masks. 
But researchers’ view is that a combination of either cotton 
and chiffon or cotton and natural silk is the best material 
for masks [13]. These combinations filter the droplets and 
aerosols effectively. In a recent investigation [14], it is sug-
gested that masks made of cotton may be ineffective in 
filtering droplets containing the SARS-CoV-2 virus if it is 
reused. Table 1 shows the filtering efficiency of different 
cotton masks.

Table 1 shows the filtration efficiencies of face masks 
made of various fabrics, with single layer masks ranging 
in efficiency from 5 to 80% and 5 to 95% for particle sizes 
of <300 nm and >300 nm, respectively. Filtration efficien-
cies of the hybrid combination masks are >80% for parti-
cles <300 nm and >90% for particles >300 nm. The results 
shown in Table 1 reveals that thread counts (threads per 
inch, TPI) have an important role in protection from coro-
naviruses. Cotton of 80 TPI is less effective than 600 TPI. 
Similarly, the number of layers in the mask also affects the 
virus filtration efficiency. A double layer of cotton with 
a TPI of at least 180, and a two-layer mask with an outer 
layer of regular cotton and an inner layer of flannel are 
the most suitable options to protect from coronavirus, as 
reported by the scientists and doctors of Wake Forest Uni-
versity [16]. A two-layered face mask is more suitable than 
a single layer mask. A tightly woven cotton mask of 600 
TPI and two sheets of chiffon made from polyester and 
spandex can filter 80–90% of particles depending upon 
the particle size [17]. Cotton fibers, such as the ones used 
in T-shirts, towels, etc., are found to filter 10% to 60% of 
particles depending upon the fabric design and number 
of layers [18]. The results of Amendola et al. [19] compared 
seven different types of face masks made from cotton, 
non-woven fabric, or combinations of both fabrics, with 
pharmacy-bought medical face masks, revealing that the 
medical face mask was characterized by average filtration 
efficiency of higher than 97%, and the face masks fabri-
cated with three layers (non-woven fabric material) are 
able to filter with more than 95% efficiency. It was also 
reported that the average filtration efficiency for two- and 
three-layered cotton face masks were the lowest, ranging 

between 77% and 83%. From the results described, it can 
be recommended that porous fabrics should be avoided 
for making face masks. Fabrics with high TPI should be 
used for making masks.

As per recommendation from the Centers for Disease 
Control and Prevention (CDC), woven cotton fabrics such 
as bed sheets, T-shirts or handkerchiefs, etc. are a good 
source of material for two-layered masks. The WHO, in 
their updated guidelines for the use of masks, stated that 
“The wide use of masks by healthy people in the com-
munity setting is not supported by current evidence and 
carries uncertainties and critical risks” [20].

Surgical masks are manufactured using non-woven 
fabrics made from plastics like polypropylene, either 20 
or 25 grams per square meter (gsm) in density. Masks can 
also be made of polystyrene, polycarbonate, polyethylene, 
or polyester. As per ASTM certification [21], surgical masks 
are available in four different grades depending on the 
level of protection the user requires. According to a study 
recently published in Nature and covered by Medical News 
Today, a surgical mask can prevent a person with a viral 
respiratory infection from spreading infectious particles 
[22]. However, the observations by researchers suggest 
that neither surgical masks nor cloth masks are effective 
in the case of SARS-CoV-2 [22].

The most important factors for selection of the mask 
materials are easy breathing/breathability and filtration 
efficiency. Breathability depends on the porosity. Too 
porous materials allow easy breathing but are not suita-
ble to use from a filtration point of view. The suitability of 
the cloth can be checked by the light passing through the 
cloth. If a lot of light is passing through the cloth, then it is 
probably not a suitable mask material. Another aspect of 
the mask material is the fit and comfort. The comfort and 
fit between face and mask can be judged from the pres-
sure drop across each of the materials. Cloth masks are 
more susceptible to bacteria and many times fail to filter 
viral aerosols, whereas surgical masks are considered to 
be more effective in filtration than simple cloth masks and 
can be used by the general public too. The filtration effi-
ciency varies with the number of layers and TPI. Hybrid 
masks are better than single layer masks for filtration. 
However, breathability is adversely affected due to its 
hybrid nature [23]. The above discussion suggests that 
when selecting cotton as a mask material, one has to con-
sider several aspects.

The use of masks in public increased during the 
COVID-19 pandemic. Single use disposable face masks 
are the cause of environmental pollution due to the unsci-
entific disposal of huge quantities of used face masks in 
freshwater, landfill, public places or oceans. These decom-
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pose or break down into smaller particles under different 
environmental conditions. A leading source of microplas-
tics pollution in the environment is due to the use of sin-
gle-use polymeric materials [24]. Fadare and Okoffo [25] in 
their study provided evidence that the face masks could 
increase the accumulation of microplastics particles in 
the environment within a short time. Thus, the use of face 
masks across the world due to the COVID-19 pandemic 
has given rise to a new environmental challenge, adding 
to the vast plastic and plastic particle waste in the envi-
ronment. In spite of such negative impact on the environ-
ment due to mask pollution, it is not possible to impose 
any ban on the use of masks due to their positive impact 
in the ongoing global fight against COVID-19. Therefore, 
proper waste management of face masks is the only solu-
tion to reduce the environmental pollution due to masks. 
Aragaw [26] pointed out that surgical face masks are a 
potential source for microplastic contaminants in litter-
ing as well as the water systems. Utilization of sustainable 
raw materials to develop bio-based masks is an alternative 
solution to these environmental problems [27]. Nanocel-
lulose is one of the important biopolymers, having signif-
icant advancements in research and their application in 
the various fields. Das et al. [27] pointed out that wheat 
gluten biopolymer, which is a byproduct or co-product of 
cereal industries, is a potential mask filter. The transfor-
mation of cellulose to nanocellulose, and the fabrication 
method and degradability have been reviewed by Mishra 
et al. [28], and Zinge and Kandasubramanian [29]. Mor-
ganti and Morganti [30] in their study show the possibility 
to produce environmentally-friendly surgical masks from 
chitin nanofibrils, nanolignin, polylactic acid, fibroin, 
pullulan, and other natural polymers. They concluded 
that use of these masks and other goods made by natural 
polymers will notably reduce the general waste of plas-
tics, helping to save the environment and the planet’s bio-
diversity. It was reported by Kadry and Abd El-Hakim [31] 
that more than 50% degradation of cellulose in soil at 10 
to 20°C is possible in 30 to 42 days, and after 2 months the 
cellulose was found to be decomposed into CO2 and water. 
The fast degradation of cellulose is attributed to random 
breakdown of bonds of cellulose macromolecules result-
ing from microorganism cleavage. It has also been found 
that the presence of nanocellulose whiskers significantly 
enhanced biodegradation of PVC, polyethylene, etc. in 
soil [31,32]. Biodegradable face mask from hemp fibers 
or wood fibers are also an alternative solution to save the 
environment [33]. Biodegradable masks made of wood or 
plant fibers, or bioplastics (made from natural materials) 
with a separate filtering element are other potential alter-
natives to surgical masks.

2.2  Biocomposite material

Multiple layers or plies of different non-woven fabric 
materials act as a composite material laminate for masks. 
Bio-cellulose is an alternative mask material for the 
COVID-19 pandemic. Bio-cellulose is a biodegradable 
natural fiber which is about 4–5 times stronger than plant-
based cellulose. The most important property of bio-cel-
lulose is its hydrophilicity. Due to this property, fabric 
made from bio-cellulose can adhere to the face or skin 
very tightly and is capable of holding more water, giving 
a cooling effect to the face. Nanocellulose materials are 
also suitable to filter particles of less than 100 nm. Cel-
lulose nanofibers can be made from sugar cane bagasse 
and other agricultural waste products. Due to its excellent 
breathability, greater ability to filter smaller particles and 
lower cost (as it can be produced from agricultural waste 
products), it is one of the most suitable mask materials. 
Moreover, due to its agricultural waste origin, it is biode-
gradable also. So the adverse impact on the environment 
due to its disposal after use is negligible. Masks made of 
non-woven polymer fibers are mostly used as prevention 
against viruses, including coronaviruses. It is known that 
the virus generally enters through nose or mouth from 
the droplets of an infected person. These droplets stick to 
the mask and hence it should be sterilized before reuse. 
Polymer-based masks are difficult to sterilize and thus it 
becomes an environmental problem to destroy it. Hence, 
an alternative is required. Making the mask super-hydro-
phobic seems to be one of the best solutions, as it would 
be capable of repelling aqueous liquids, thereby repelling 
the virus-loaded droplets off the mask. Material such as 
fluorinated polymers, metallic nano-wires and graphene 
could be the best alternatives to achieve this solution.

2.3  Nanocellulose

Cellulose is the most abundant and renewable natural 
polymer in the world. Cellulose is the primary constituent 
of plant cell walls and can be extracted from a variety of 
sources, such as wood, bast fibers, grasses, seed fibers, 
marine animals, algae, fungi, invertebrates, and bacteria 
[34,35]. Cellulose in the form of powder (nanocellulose 
or microfibrillated cellulose) is useful for textile indus-
tries. Durability, self-cleaning and water or dirt-repellent 
features are improved to a significant level in nanocellu-
lose-based face masks. Antibacterial properties due to the 
presence of nanocellulose is a major advantage in hospi-
tals and care homes, where cross-contamination of bac-
teria can be dangerous, especially to the elderly and the 
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immune-suppressed. Nanocellulose is made from agri-
cultural waste materials. This material can filter particle 
sizes of less than 100 nm. It is very comfortable to breathe 
through high quality masks made from nanocellulose. The 
most important property is that it is biodegradable. A very 
thin mask can be made from nanocellulose which reduces 
weight without compromising other qualities, which is 
useful for face masks and PPE. Due to its thickness, it is 
also more breathable than current medical face masks. 
Recently it has been published that filter paper made from 
100% nanocellulose (NFC-Nano Fibrillar Cellulose) has 
the capacity to efficiently filter even the smallest viruses 
with up to 99.9980–99.9995% efficiency [36]. Figure 2 
describes about the production process of nanocellulose. 
A detailed procedure is available in reference [37].

The properties of nanocellulose are shown in Figure 3. 
High strength, non-toxic and conductivity properties can 
be harnessed in designing the mask which can be used by 
all comfortably and for longer duration. The conductive 
properties of bio-cellulose can be used for killing viruses 
when it comes in contact. There are many more favorable 
properties found in nanocellulose which makes it desira-
ble to be selected as a future mask material.

2.4  Graphene-based mask

Graphene is a material made of carbon atoms that are 
bonded together in a repeating pattern of hexagons. 
The use of graphene in various fields has been the focal 

Figure 2: Production of nanocellulose.
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point for many researchers in the recent years. Franz, 
the founder and chief executive of PlanarTech, reported 
that graphene oxide can be used in the form of coatings 
to fight against several viral infections, including coro-
naviruses [38]. Graphene oxide is a graphene derivative 
made by powerful oxidation of graphite. It is an oxidized 
form of graphene laced with oxygen groups. Recently, 
researchers have designed a low-cost, sustainable and 
environmental-friendly method for making conductive 
cotton fabrics using graphene. These fabrics could lead to 
smart textiles and interactive clothes that will find appli-
cations in healthcare, wearable clothing and more. Func-
tionalization of these conductive cotton fabrics was done 

by thermal reduction of graphene oxide (GO) adsorbed on 
cotton. Besides researchers have created two ways to apply 
thin graphene sheets that either make the fabric super-hy-
drophobic or super-hydrophilic, depicted in Figure 4 [39].

Graphene ink-treated masks kill viruses due to its 
virucidal properties. Thus, graphene ink-treated masks 
provide increased protection against coronavirus infec-
tions. It is produced by synthesizing a nanoparticle (silver 
or any nanoparticle having virucidal agent) with function-
alized graphene oxide. Silver is a good potential virucidal 
agent, having the potential to kill strains of coronavirus. 
Thus graphene may prove to be a potential material to win 
against COVID-19 due to its antibacterial/antiviral proper-

Figure 3: The properties of nanocellulose and nanocellulose masks (source: adapted from AzoNano and Nanotech.org).
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ties. Graphene ink is applied on the surface of the mask 
fabric which kills the virus when it comes in contact. The 
research area of graphene ink application in masks is new 
and little research has been done. The economical pro-
duction of graphene ink and its application is still in the 
laboratory scale. More research is required for the appli-
cation of graphene ink as an alternative coating material 
for various applications including protective masks. Zen-
Graphene Solutions (TSXV:ZEN) has started working for 
the development of virucidal graphene-based compos-
ite ink to apply on fabrics as a coating. One of the best 
uses of graphene to fight COVID-19 is LIGC Applications’ 
new Guardian G-Volt-face mask with graphene filtration 
system. It is found to be 99% effective against particles of 
size 0.3 μm and 80% for even smaller size particles. The 
graphene-coated masks reduce the chance of infectious 
drops adhering to them due to their hydrophobic nature. It 
also sterilizes automatically due to its strong light absorp-
tion properties when exposed to sun. Hence, masks with 
graphene coating shall be the best alternative to curb the 
COVID-19 pandemic, especially in situations where physi-
cal distancing is difficult to follow.

Graphene can also be used as filter paper or filtering 
element in masks. The filter layer of a face mask can be 
replaced by graphene-polypropylene material. As per 
the preliminary study by AECC BIAM, masks made of 
graphene-polypropylene material can be used for 48 h 

continuously. It also has better antibacterial properties, 
better air permeability and enhanced durability [40,41].

In the present situation when COVID-19 is spreading 
at an alarming rate in many countries, face masks with 
high efficiency, antiviral and virucidal properties, breath-
ability for longer durations and easily disposability are 
required, keeping in mind both safety and comfort. The 
filtration part of the mask can be made from chemical-
ly-treated cotton which has antiviral or virucidal proper-
ties. However, the chemically-treated filter may harm the 
facial skin if it will come in direct contact and is not rec-
ommended for use without a protective layer. Particulate 
composite materials can be used as an alternative to chem-
ically-treated cotton for filter material, as they can filter 
extremely small viruses of size 20 to 300 nm. The filtration 
efficiency of such material is at least 99% for 0.3 μm-sized 
viruses. Another way of making these filters more effec-
tive is by making them capture, retain and destroy viruses, 
thereby protecting against transmission of viruses. Due to 
increasing demand and disposal problems, masks can 
be disinfected by using heat through a current source by 
means of an additional attachment fitted with batteries or 
provisions made in the mask.

Surface design modifications can also be a good 
solution for continuous mask use. The nanoknife form 
of graphene is an alternative design to destroy the viral 
envelope. The combined use of graphene and electric 
charge to repel viruses can also be used as an alternative 

Figure 4: Preparation of graphene-coated polyester fabric [39].
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solution. A low level electric charge can be applied to 
repel any virus particles trapped in the graphene-based 
mask [42]. Some of the important properties of graphene-
based masks are presented in Figure 5.

The transmission of SARS-CoV-2 is increasing rapidly 
and the world is placed in an alarming situation. As cases 
of asymptomatic patients are increasing, the coronavirus 
is being transmitted unknowingly. The research showed 
that COVID-19 can travel up to 27 feet through air in form 
of tiny droplets known as aerosols [43]. The transmission 

of coronavirus can be prevented by maintaining social dis-
tancing and using masks. The use of masks plays a major 
role to stop transmission until a vaccine or other remedial 
medicine is developed. Face masks have now become an 
emblem in the fight against COVID-19. Various suggestions 
are reported for the use of masks and materials, especially 
for homemade masks. Homemade cotton masks are avail-
able on the market with different types of cotton fabric, 
with a medium to high TPI. The effectiveness of a mask 
depends on the type of cotton fabric and TPI. A cotton 

Figure 5: Importance and properties of graphene-based masks.
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bandana material is not very effective, but a 600 TPI fabric 
can provide average filtration efficiency of 79% for parti-
cle sizes of 10 to 300 nm [7]. Hence, it is important to know 
the face mask material and its effectiveness.

3  Road map for mask selection
It is difficult for common people to get answers to many 
questions regarding masks and their effectiveness in one 
place. This paper has tried to provide compiled informa-
tion regarding the effectiveness and suitability of various 
masks during the COVID-19 pandemic. Out of the above 
listed queries, various masks and their effectiveness are 
highlighted in Figure 6.

A mask must be able to effectively filter or kill viruses, 
fit to the face and cover from nose to below the chin 
without leaving any gaps. Loose fitted masks should be 
avoided as they move up and down frequently. Due to 
up-and-down movement of the mask, there is a risk of 
virus transmission as it has to be placed back on the face 

with the hands. Many times, hand sanitization is not pos-
sible before doing so; hence the risk of virus transmission 
is increased. All the masks available are not 100% effec-
tive. Figure 7 highlights the protection efficiency of availa-
ble masks, and other factors to be considered when select-
ing a mask. Different materials used for masks and their 
effectiveness against 1 µm particles are shown in Figure 6. 
Data are taken from different sources [23,44].

Figure 6 shows the effectiveness of filtering SARS-
CoV-2 coronavirus. A report from South Korea questions 
the ability of surgical or cotton masks to effectively 
prevent coronavirus infection [22]. As the size of the SARS-
CoV-2 coronavirus is small enough (0.3 μm), these mask 
shows poor performance to filter the virus. However, they 
are effective for other virus or respiratory infections. It 
was published in earlier research that viruses of particle 
size 0.04 to 0.2 µm can penetrate surgical masks. Hence, 
assuming that SARS-CoV-2 has a similar size, surgical 
masks are unlikely to filter this virus effectively. However, 
the virus size and concentrations of SARS-CoV-2 in aero-
sols generated during coughing is larger than the particle, 
hence it may be effective to some extent.

Figure 6: Various mask materials and their filtration efficiency for <1 µm particles [23,44].
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To limit COVID-19 cases, almost all the countries have 
locked down the entire country. However, the economic 
downfall has forced various government and non-govern-
ment organizations to call out the imposed lockdown, and 
various sectors are resuming their normal operations. This 
means a huge part of the population has to work amidst 
the fear of the coronavirus. To ensure their safety, proper 
mask are really important in today’s world. It should also 
be ensured that they do not suffer from breathing prob-

lems because of masks, especially in cases where one has 
to work for long hours. So the mask should be porous 
enough, in addition to having good filtration efficiency. 
This will ensure that the CO2 which the person is breath-
ing out is not again inhaled again, which could prove to be 
fatal for those working for long hours, as some such cases 
have been reported. Due to fear of infection, many people 
use masks during their physical exercises. The breathabil-
ity aspect of masks seem to be equally important under 

Figure 7: A road map for mask selection.
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such circumstances. There is a need for effective mask 
materials and changes in mask design to overcome such 
problems. Hence, there is an immediate need for research-
ers and manufacturers to address the issues and chal-
lenges of mask material, design and development of low 
cost masks to overcome these shortcomings.

4  Conclusions
Coronaviruses are very tiny and most fabrics cannot be 
used as a material for masks. In this COVID-19 pandemic, 
cotton-based masks are in use. Cotton-based masks have 
filter efficiencies ranging from 5% to 80% for a single 
layer of fabric with 80 to 600 TPI. Cotton masks with two 
layers are better than single layer masks. Face masks 
fabricated with three layers (non-woven fabric material) 
were able to reach filtration efficiency higher than 95%. 
The average filtration efficiency for two-and three-layered 
cotton face masks ranges between 77% and 83%. On the 
basis of available information, it can be recommended 
that porous fabrics should be avoided for making face 
masks. Fabrics with high TPI should be used for making 
masks. With respect to filtration efficiency, chiffon-based 
masks have slightly better filtration efficiency than simple 
cotton-based masks. The filtration efficiencies of single 
and double-layered chiffon-based masks are 67% and 
83%, respectively. Hybrid masks performs better with fil-
tration efficiency ranging from 37% to 97% for particle 
sizes less than 300 nm, but causes difficulty in breathing. 
Overall results show that cloth masks are less effective in 
filtering coronaviruses than disposable surgical masks or 
N95. Nanocellulose and graphene are the best alternative 
materials for mask. The filtration efficiency of graphene-
coated masks is as high as 99.99%, along with sterilizing 
properties. Hence, masks with graphene coating shall be 
the most suitable alternative material to curb the COVID-
19 pandemic, especially in situations where physical dis-
tancing is difficult to follow.

5  Future scope of studies
During the COVID-19 pandemic, people are wearing 
cotton face masks. Viruses and bacteria that stick to the 
mask may infect others or the wearer when they remove 
or touch it. A detailed study on methods for disinfecting 
used masks is required. Also, a quantitative study on the 
issue of material degradability of masks types and their 
effect on the environment is the future scope of studies. 

The use of renewable raw materials shall help in con-
trolling pollution. Therefore, the researchers should focus 
on the development of fully bio-based masks with supe-
rior performance qualities.
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