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ABSTRACT
Community-wide mask wearing may contribute to the control of COVID-19 
by reducing the amount of emission of infected saliva and respiratory 
droplets from individuals with subclinical or mild COVID-19. In this work, 
a brief review is presented on face masks and related things. First, the size of 
microorganisms in relation to PM2.5 and PM10 is given for an approximate 
estimate of the sizes of objects that needs to be filtered. In continuation, the 
principles of filtration of objects by the network of fibers (woven, non-woven, 
knitted, etc.) are given. Common fibers used for making face mask is pre-
sented along with various fabric structure and their manufacturing. 
Additionally, advancements like the treatment of fibers in terms of coated 
fabrics, nano-particle finishes, and green synthesized nano-particle coatings 
have been explained in view of their anti-bacterial and anti-viral properties. 
The classification of the face masks based on their fabric make-up has been 
given which has been extended to classification based on the barrier proper-
ties and various efficiencies of the face masks. The characterization of face 
masks like particle filtration efficiency, bacterial filtration efficiency, breathing 
resistance, flash resistance, and flame resistance are also included.

摘要
佩戴社区口罩可以减少亚临床或轻度新冠肺炎患者感染唾液和呼吸道飞沫 
的排放量, 从而有助于控制新冠肺炎. 在这项工作中, 对口罩和相关事物进 
行了简要回顾. 首先, 给出了与PM2.5和PM10相关的微生物的大小, 以粗略 
估计需要过滤的物体的大小. 接着, 给出了通过纤维网络（编织、无纺、针 
织等）过滤物体的原理. 介绍了用于制作面罩的常见纤维以及各种织物结 
构和制造方法. 此外, 从抗菌和抗病毒性能的角度解释了涂层织物、纳米颗 
粒饰面和绿色合成纳米颗粒涂层方面的纤维处理等进展. 已经给出了基于 
其织物组成的面罩的分类, 该分类已经扩展到基于面罩的屏障特性和各种 
效率的分类. 口罩的特性, 如颗粒过滤效率、细菌过滤效率、呼吸阻力、耐 
闪光性和阻燃性也包括在内
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Introduction

The health care workers are the front runners to save the people from communicable disease 
transmission and the face mask plays a vital role to protect them from various hazardous conditions 
(Chellamani and Thiruppathi 2009). The face mask has important requirements for each application 
and usage. There are different types of face masks available for different application. Broadly, the 
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facemask for the protection against particulate and against gas by the use of the adsorbent is two main 
types. The protection against the dust particles, bacteria, and viruses comes under the particulate 
protection category based on the size of the particulate. It is to be elaborately analyzed for under-
standing the characteristics of various face masks that can be used in pandemic situation for the 
protection against the viruses. The face mask is mainly required to cover the mouth and nose of 
wearer, where the contaminated secretion is prone to discharge (Hayavadana and Vanitha 2009). The 
face mask filters the bacteria or microorganism in the form of aerosol or liquid droplets that possibly 
discharge from the mouth and nasopharynx of human. It helps to prevent the transmission of 
infection from an infected person to others. Various studies confirmed that large numbers of bacteria 
that causes a communicable disease could be stopped by using proper face shield or mask (Hofmeyr 
et al. 2008). The studies also encouraged to use different layers of masks to prevent the spreading of 
communicable disease. The two layered surgical mask may be found suitable as compared with single 
layer mask for surgery in earlier days. It may prevent the spreading of infections between 1–3 feet 
(Belkin 2009; Doust and Lyon 1918). Other study confirms that the face mask also prevents the 
splashing of bloods and other fluids from communicable organs (Woodhead et al. 2002).

From earlier days to modern era, the face mask is mainly used in two different forms. It can be 
distinct as a surgical mask and respirator. Surgical mask mainly helps to support the patients by 
providing protection from germs and respirator is mainly used to shield the wearer from any 
hazardous environment (Wilson 2020). With the advancement in the material science and with the 
demand as per the situation, recently, large amount of development have been taken place in the 
improvement of the face mask efficiency at the optimum pressure drop.

During long time wearing of mask, the wearer feels warm and humid inside of the mask due 
to the breathing and saliva creation which could be a suitable condition for the intercepted 
microorganism to grow and flourish. The microorganisms will aggregate as an extracellular 
polymeric matrix that contains polysaccharides, proteins, and deoxyribonucleic acid (DNA) 
that may result in the formation of biofilm. In the situation of coughing or sneezing, an 
unexpected danger arises due to the reaerosolisation of the settled particles, so the facemasks 
are required to be discarded after a single use to avoid an inoculation and spread of highly 
infectious pathogens. The single use masks may lead to massive shortage due to high demand 
during the pandemic situations, and there are challenges in disposal of such mask since they are 
produced from synthetic polymeric materials, so the environment calls for reusable masks in the 
markets. The surface coated antimicrobial masks are effective in deactivating or killing the 
microorganisms and also they are preventing the growth of the biofilms, as well as interaction 
of the antimicrobial agents with microorganism (Gayathri et al. 2021).

The function of a face mask can be understood by analyzing the following factors such as face mask 
construction, structure, manufacturing, characterization, and classification and it has been compre-
hensively reviewed in this work. The face mask can be arranged as single to multiple layers with woven, 
non-woven, and knitted structures (fabrics) by various manufacturing techniques. The chemical 
treatment such as coating the fabric with various chemicals and nanomaterials may also provide 
good efficacy to the face mask. The manufactured face mask can be evaluated by bacterial and 
particulate filtration efficiency, breathing, flame, and splash resistance. In this paper, a comparative 
study on the various face mask efficiency and the recent advancement is also discussed.

The Sizes of the Microorganisms

There is a difference in the sizes of the different microorganisms, bacterias, and viruses which are been 
compared with the particulate size (Figure 1). The size of the smallest bacteria is about 0.4 micron and 
the size of the viruses is ranges from 0.02 to 0.25 micron. Even some of the viruses are very small in size 
viz. the parvovirus and the zika virus have sizes around 20 to 40 nm. Some viruses of large size are 
around 3 micron. On the other hand the particulate matter can be of size 0.007 micron, however, SARS- 
CoV-2 virus is of size 0.1 micron (Sotirio 2020). The face mask is very much effective for the removal of 
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conventional viruses which are of size around 2 to 3 micron but for viruses of very small size as SARS- 
CoV-2 virus, more effort is required to design the mask with the appropriate filtered layer selection.

Most respiratory infections are transmitted by large respiratory droplets, larger than 5 μm, pro-
duced by coughing and sneezing, and then deposited onto exposed fomite or mucosal surfaces 
(Figure 2) (Gayathri et al. 2021). Airborne transmission has often been attributed to infectious droplet 
nuclei produced by the dryness of suspended droplets and defined as 5 μm or smaller in size, normally 

Figure 1. Sizes of different types of microorganisms, bacterias, and viruses along with PM2.5 and PM10 particles.

Figure 2. A photograph of particle distribution caused by human-being from mouth secretion through a) sneezing and b) cough 
(Gayathri et al. 2021).
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the plumes of aerosols are generated by sneezing or coughing. During sneezing the group of pathogens 
coming out from our nose or mouth with body fluid will suspend in the air. This has been believed to 
happen only for tuberculosis and a few other pathogens, so surgical masks have been recommended 
for use against most respiratory infections (Fennelly 2020).

Principles of the Filtration by Fibrous Network

The filtration is an important process to understand the efficacy of the mask and it is possible with the 
following filtration mechanism in textile fiber. For instance, particles greater than 0.6 micron in 
diameter may be filtered out by the process of inertial impaction and interception. Inertial impaction 
occurs when the heavy particles face difficulties in flowing along the air streamline because of the 
heavy mass and inertia, and the particles suddenly collide with the fiber. On the other hand, 
interception is the mechanism to deposit big particles which may follow the streamline of air and it 
provides enough support to contact the filtration surface of the fiber. However, the above mechanisms 
have less impact on the particles smaller than 0.1 micron such as SARS-CoV-2. Hence, the mechan-
isms like diffusion as well as electrostatic deposition play a vital role in such a small particle deposition. 
The random Brownian movement of air molecules causes the collision along the small particles and 
pulls across the streamlines of air until contacting the surface of filtering fibers where the fiber stops 
the movement of particles by electrostatic attraction (3M Science 2020a; Shah and Rawal 2016).

The particle size >20 µm can be separated by gravity sedimentation, however, the medium sized 
particles (>1 µm to 10 µm) will be separated by inertial impaction and gravity sedimentation. If the 
particle sizes are 0.1 to 1 µm, the interception principle will be most appropriate. In diffusion or 
Brownian movement, particles are deviated from the flow streamline and randomly diffuse through 
the filtration medium for particles smaller than 1 µm. The particles below 0.2 µm are mainly captured 
by masks that utilize electrostatic interaction based filtration mechanism. The representation image 
shows the filtration of the particles in Figures 3 and 4 (Ebuka, Zakey, and Escobar 2021; Gayathri et al.  
2021; Song, Mandal, and Rossi 2017).

Filtration efficiency is the percentage of particles of a certain size that would be stopped and 
retained by a filter medium and breathability is the ability of a fabric to allow moisture to be 
transmitted through the material. Apart from the filtration efficiency, the breathability of the filtration 
mask is an important factor in deciding the comfort of the wearer. It can be understood by the air 
permeability and differential pressure test. Air permeability is a common test in textile to evaluate the 
amount of airflow allowed through the fabric. The air permeability is expected to be better for low- 
density and thin knitted fabric structure. However, the research concluded that the disposable non- 
woven fabric showed higher air and water permeability along with thermal conductivity (Lee et al.  
2020). But, fabric structure is not the only factor that influences the air permeability of the fabric. It 
also depends on many factors including the fiber content, structure, density, fiber diameter, fabric 
thickness, permeability of filter, and goodness of fit (Hu, Li, and Yeung 2006; Kulichenko 2005).

Figure 3. Particles filtration mechanisms in face masks.
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Face Mask Construction

The face mask construction decide its function. The function of a face mask can be understood by 
analyzing the factors such as face mask construction, structure, manufacturing, characterization, and 
classification, which have been comprehensively reviewed in this work. The face mask can be arranged 
as single to multiple layers with woven, non-woven, and knitted structures by various manufacturing 
techniques. The chemical treatment such as coating the fabric with various chemicals and nanoma-
terials may also provide good efficacy to the face mask. The manufactured face mask can be evaluated 
by bacterial and particulate filtration efficiency, breathing, flame, and splash resistance.

The face mask construction is basically involved with many key activities, which are prominent in 
designing the required mask for various applications. The main key activities are the selection of fibers 
and understanding fiber properties. It is commonly selected based on the layer position where it can be 
used in the face mask and is represented in Figure 5 (Johnmin 2022).

The common layers used in the face mask are the outer layer (fluid repellent), middle layer (filter 
media), and inner layer (skin-friendly absorbent layer). The synthetic fibers including polypropylene, 
polyethylene, polyester, and polystyrene are the most common candidates for face mask production 
(Rossettie et al. 2020). The above listed fibers may support to produce the non-woven fabric by spun 
bond/melt blown or by electro spinning techniques. Non-woven with very fine structure can help to 
improve the filtration efficiency. The filtration efficiency of the face mask also depends on the 
manufacturing techniques, structure of the fabric, and cross sectional shape of fibers (McCarthy  
2011). The cotton is also one of the best choice for the thick-layer face mask.

Many metals and oxides are used to provide antiviral effects to the masks, the materials are silver 
(Ag), silver nanoparticles (NPs), copper (Cu), zinc oxide (ZnO), tungsten oxide/carbide, copper 
nanoparticles, copper(II) oxide (CuO), copper(I) oxide (Cu2O), copper iodide (CuI), magnesium 
peroxides and their combinations are employed as AMA (antimicrobial agents) in fabrics or face 
masks. The prepared antimicrobial agents are coated by electro spun onto a melt-blown Polypropelene 
(PP) layer, or attached through dip (soak) coating and spray coating. The surface modification 
medicated coating renders long-term attachment. Sometimes the polymers like bio-passive and bio- 
active polymers are used to kill the microorganisms. The bio-passive polymers repel the surfaces to 
prevent bacterial adhesion, some polymers are functionalized with bio-active agents, which are killing 
the microorganism once they adhere to the surfaces. Apart from these metals, oxides, and polymers, 
some natural plant extract are also used in medical masks, it is found effective against bacteria and 
viruses. The plant extracts are Vitex trifolia, Punica granatum, Allium sativum, Acacia nilotica, 
Andrographis paniculata, Sphaeranthus indicus, Strobilanthes cusia, Chromolaena odorata, Aloe 
barbadensis, Azadirachta indica, and also the combination of eugenol, eugenol acetate, carvacrol, 
thymol, vanillin, melaleuca alternifolia, ginkgo leaf extract, and ginkgo extract in combination with 
sumac (Anacardiaceae family) (Gayathri et al. 2021).

Figure 4. Particles filtration mechanisms in face masks.

JOURNAL OF NATURAL FIBERS 5



Fibers and their Properties

The standard traditions with which fibers are distinguished is based on their origin viz. natural 
or manufactured (synthetic). The fibers with natural origin are strands of long, thin, and 
flexible material created in nature by plants, animals, or geological processes (mineral fibers). 
On contrary, the synthetic fibers are strands of long, thin, and flexible materials that have 
been significantly altered in chemical composition, structure, and properties by suitable 
industrial procedures. Followings section discusses some of the most common fibers used 
for face mask.

Polypropylene and polyethylene

Polypropylene and polyethylene fibers are olefin group fibers and are inert to the moisture due 
to their hydrophobic nature. The cost of this fiber is cheaper compared with other synthetic 
fibers. Polyolefin fibers are very strong (31–81 g/tex) with good elastic recovery (95%). Both 
fibers can be processed easily by melt-blown spinning because of the low processing tempera-
ture. The processing temperature of polypropylene and polyethylene is 170°C and 150°C, 
respectively. Good thermal and electric insulation properties can be achieved in polypropylene 
and polyethylene fibers (Needles 1986).

Polyester

The polyester fiber is having very stiff and recoverable properties due to the presence of phenylene 
group in the polymeric chain. Polyester has a reasonable strength (27–81 g/tex), elongation at break 
(15–50%), and elastic recovery (80–95%) properties. Polyester fiber can be processed by the melt 
spinning technique. It has been processed in the temperature range of 250–255°C. Polyester fiber is 
also hydrophobic with a moisture regain of 0.4% (Needles 1986).

Figure 5. A photograph of different layers of surgical face mask.
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Polystyrene

Polystyrene is a vinyl polymer that is mainly used in automobiles, electronics, and allied appliances. It 
is also possible to use polystyrene in face mask production and may exhibit crystal clear thermoplastic 
rigid and hard structure. Polystyrene is a polymer that can easily be melted for fabrication and has 
good thermal stability. The thermal and electrical properties of polystyrene are highly comparable for 
insulating purposes (Mark 1999).

Cotton

Cotton is a very soft fiber; it provides good comfort to the wearer. It has a moderate strength (18–45 g/ 
tex). It exhibits 10% elongation at break and 75% elastic recovery. Cotton fiber shows 20% higher 
strength in wet conditions as compared with the dry conditions. Cotton has a density of around 1.54 g/ 
cm3 and appears as a dense one in many applications. The cotton fiber is hygroscopic with moisture 
regain of 7–9% and good heat conductivity is one of the additional feature of cotton fiber. Low static 
electricity is another important characteristic of cotton fiber that helps to avoid dust accumulation in 
non-woven fabrics during face mask use (Needles 1986).

The fibers such as polypropylene, polyethylene, and polyester are most commonly used for non- 
woven face masks because of their good physical properties and reasonable cost. Polystyrene and 
polycarbonate are finding limited usage in the manufacturing of face masks due to their high cost. 
Cotton fiber is a very prominent candidate for woven fabric face mask. Other natural fibers (flax, silk, 
etc.), Poly Lactic Acid (PLA) fiber, chitosan, and polyurethane are very interesting fibers that may 
possibly find application in face mask production.

Fabric Structure and Manufacturing

The fabric structure is another important requirement to decide the filtration efficiency of the face 
mask. The fabric can be produced by various fabric-forming structures including woven, knitted, and 
non-woven and which has been shown in Figure 6 (Song, Mandal, and Rossi 2017).

Woven fabric structure

The woven fabric structure can be manufactured by different looms, where it has been produced by 
interlacing warp and weft yarn perpendicular to each other. A photograph of a woven fabric facemask 
is shown in Figure 7. The design of interlacement arrangement may decide on different types of fabrics 
like flat and strong fabrics that can be used for various applications. Woven fabric may be 

Figure 6. A photograph of woven, non-woven, and knitted fabric structure.
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manufactured in many designs including plain, twill, and satin. The fabric designs decide the 
construction of fabric including GSM, fabric porosity, and mechanical properties. These are some 
important properties for selecting the end use of fabric. Woven fabric structure has been commonly 
used in face mask production because of its low cost as compared with other fabrics. The woven fabric 
structure can also be produced in the form of three-dimensional (3D) structures and it may find 
application in net shape structure of medical textiles (Denton and Daniels 2002; Mahadevan 2009).

Non-woven fabrics structure

Non-woven is fabric formed by the random arrangement of the fibrous web by means of mechanical, 
air, and thermal sources. Non-woven fabric mask is shown in Figure 8. The production of non-woven 
is one of the low cost process with the possibility to achieve a high production rate. The non-woven 
fabric production methods will decide the structure of the fabric. The arrangements of the fiber ensure 
porosity and openness in the non-woven fabric. A wide range of applications can be opted out from 
different kinds of non-woven fabric. Wet laying, air laying, needle punching, thermal and chemical 
bonding, etc. are the most suitable manufacturing techniques for staple fiber fabrics. Spun bond, melt 
blown, and electro spinning are other available manufacturing processes for non-woven fabrics that 
are extruded from polymers. High filtration efficiency face masks can be possible to produce from melt 
blown and electro spun non-woven fabrics because of their very fine fiber structures (Adanur 2017; 
Spencer 2001).

Figure 7. A photograph of woven fabric mask.

Figure 8. A photograph of Non-woven fabric mask (Kumar et al. 2021; Schulman 2020).
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Knitted fabric structure

Knitted fabric is manufactured by the circular and flat knitting machine. The knitted fabric mask has 
been shown in Figure 9 (Lee et al. 2020). It may be further classified by weft and warp knitted structure. 
High extensibility is the added advantage of a knitted structure as compared with woven fabric and it is 
because of the interlocking loops of the yarn in the knitted structure. The weft and warp knitted structure 
are having high extensibility in the horizontal (weft) and vertical (warp) directions. The weft knitted 
fabric is produced by single yarn and warp knitted structure may require more than one yarn for forming 
the required structure. Knitted fabric structure has good breathability and air permeability as compared 
with woven structure (Russell 2006). The knitted structure is also having a potential application in 
implantable textiles including vascular grafts and artificial organs (Albrecht and Fuchs 2006).

Coated fabrics

Capturing bacterias and viruses from the mask is not sufficient to stop the spreading of the infection. 
Other than this, it is also required to kill the captured microorganism. Apart from the above- 
mentioned mask fabric, there are various finishes (coatings) available that can be applied to the 
fibrous layers to give antibacterial and antiviral property (Seidi et al. 2021).

Other than this, the finishes are applied to give some other required properties like hydrophobicity, 
water breathability, soil release, flame retardancy, etc. To impart antibacterial or antiviral properties to 
the face mask, various metallic nano particles were applied and tested against different microorgan-
isms. Nanomaterials including metal oxide are nanostructures, graphene, carbon nanotubes, and 
carbon quantum dots, as well as bio-nano particles such as chitosan, along with capped silver, 
graphene, gold, and silicon nanoparticle thought to play a key role in anti-viral coating development 
(Shirvanimoghaddam et al. 2021). Among all those mentioned above, silver nano particles are the 
most commonly used in the application whenever antibacterial activity is required. The silver 
nanoparticles with special surfactants were synthesized and applied to a surgical mask by impregna-
tion that shows good antibacterial activity with broad number of microbial surrogates of SARS-CoV-2 
(Valdez-Salas et al. 2021).

Pristine cellulose nonwovens (CNW) were prepared by wet-laid non-woven process from softwood 
pulp (20%) and lyocell fiber (80%). Oxidation of cellulose fabrics by 2,2,6,6-Tetramethylpiperidine 
1-oxyl (TEMPO), creates COOH groups on the surface of the fabric. The subsequent conjugation of 
the oxidized fabric with antimicrobial agents (including neomycin and polyhexamethylene guanidine) 
generates modified fabrics with strong antimicrobial properties. Treated fabric exhibits a good 
virucidal rate (>99.14%), bactericidal filtration efficiency (99.51%), and excellent air permeability 
(>1111.5 mm.s−1). The research confirmed the alternative arrangement for replacing polypropylene 
non-woven fabric with a natural one (Deng et al. 2022 a).

Figure 9. A photograph of knitted fabric mask.
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Research work developed the biodegradable, antiviral, and antibacterial cellulose non-wovens 
(AVAB-CNWs) by grafting guanidine-based polymer and neomycin sulfate on the fabric surface. 
Application of suitable grafted components and pre-treatments improves the hydrophobicity (self- 
cleaning), anti-viral, and anti-bacterial activities. The experimental results showed the high virucidal 
activity (>99.35%) for the natural non-woven treated fabric (Deng et al. 2022b).

Nano particle finish

In one of the study, a mixture of silver nitrate and titanium dioxide in the form of nano particles were 
applied to the surgical mask and were found to give the required antibacterial activity as per AATCC 
100–1999 (Li et al. 2006). Similarly, various nano particles viz. Ag, ZnO, TiO2, etc. were used in the 
application of surgical masks for the protection against bacterial infection (Selvam et al. 2012). In one 
of the application, the nylon fabric is first treated with plasma chitosan and followed by the impreg-
nation with silver nano particle (Botelho et al. 2021).

Hamouda et al. (2022) investigated the effect of silver nano particle coated cotton and polyester 
knitted fabrics combined with spandex yarns as antiviral cloth masks. They discovered that silver 
nanoparticles had excellent antiviral activity by penetrating the cell membrane of the virus and 
engaging with the viral genome to protect the cell from trying to replicate. Selvam and Nallathambi 
(2015) studied the impact of silver nanoparticles on the bacterial filtration efficiency (BFE) of 
polyacrylonitrile (PAN) nano structures and discovered that the developed Ag nano particle incorpo-
rated PAN nano filters have 99% efficiency against the bacteria and good anti-bacterial activity, 
enhancing their potential use in a protective mask. The PAN templated composite nano fibrous 
membrane utilizing GO/AgNP was investigated by Sharma et al. (2021). The disc diffusion assay 
showed bactericidal efficiency with a zone of inhibition, revealing that the created composite nano 
fibrous membrane might be exploited as a possible nano fibrous filter for atmospheric pollution and 
bacteria. Li et al. (2006) investigated the antibacterial activity of nanoparticles using a facemask coated 
with a combination of silver nitrate and titanium dioxide nanoparticles, which protects against 
infectious agents and lowers the risk of transmission. The reduced grapheme oxide (rGO) Ag NPs 
embedded in cotton or silk fabrics reduced the survival of the Gram-positive bacterium Staphylococcus 
aureus by 78–99%, according to Bhattacharjee et al. (2021). Hiragond et al. (2018) found that the face 
mask fiber treated with 100 ppm colloidal Ag solution has the highest antibacterial activity against 
Escherichia coli bacteria. The use of metallic nano particles has some disadvantages and consequences 
with respect to the environment, which has to take care of while using the final application. On the 
other hand, the facemask is developed by depositing few layers of graphene on the non-woven mask to 
give hydrophobicity and reusability just by sunlight exposure (Zhong et al. 2020).

Green synthesized nano particle coating

The eco-friendly and safe nano coating can be applied in the form of green synthesized NPs. In one of 
the study, antibacterial properties on cotton fibers are introduced by loading with silver NPs synthe-
sized from natural plant extracts (Mimusops elengi flower) as a reducing and capping agent. It is 
suggested to use the same approach for the surgical mask (Haroon et al. 2017). The extract from 
Mimusops elengi flower was used for the green synthesis of NPs in another work and it was found to be 
an effective biological tool for the biosynthesis of silver NPs. The results also showed its good 
antibacterial activity against various pathogenic bacteria (Jeyasundari et al. 2016). Licorice plant root 
extract was used to produce the nanofibrous membrane by electro-spinning process. The plant extract 
provides better anti-microbial properties because of the presence of glycyrrhetinic acid (GA) and 
glycyrrhizin (GL) chemical groups. SEM images confirmed 15–30 µm diameter nano fiber with 
random porosity and orientation, which may help to prevent the penetration and activity of virus. 
Good breathability was also confirmed by measuring the air flow rate (85 L/min.) (Chowdhury et al.  
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2021). Likewise, various plant extracts have been successfully synthesized and applied to the fabrics for 
better antimicrobial activity (Ullah et al. 2014).

Classification of Face Mask

The face mask may be categorized based on their manufacturing techniques like

(i) Woven,
(ii) Knitted, and

(iii) Non-woven structures.

The woven structure is produced as an open structure by yarn interlacement and the knitted fabric is 
produced by inter looping of knitted yarn. Both fabrics offer a high level of air passage to the wearer.

The reusable masks made from cotton, gauze, silk, and muslin cloth or fabric can be defined 
as cloth masks and their usage was started in the 19th century for avoiding the spread of 
communicable diseases. Both woven and knitted face masks are classified as cloth masks, and 
may not provide sufficient protection against bacterial filtration. The efficacy of cloth mask was 
studied in the mid of 20th century during the Spanish enfluenza pandemic. But it has not been 
further analyzed seriously because of the entry of the disposable non-woven mask into the 
market during 1960 (Rossettie et al. 2020).

The non-woven fabric is another prominent candidate for a face mask that has been manufactured 
from various non-woven manufacturing processes. Spun bond and melt blown techniques are used to 
produce the face mask by non-woven fabric, which can offer high filtration efficiency as well as good 
breathability to users. The face mask is produced from the combination of SMS (Spun bond/Melt 
blown/Spun bond) fabrics which achieve good filtration efficiency and lead to the market for various 
kinds of filtration masks in the medical field as well as public uses in the pandemic situation. Surgical 
masks are manufactured by layering three or four layers of non-woven fabric on both sides of the 
mask, where two layers of effective filtering fabric are embedded together which are capable to filter 
out above 1 micron size particles. Surgical masks are commonly produced from polypropylene with 
the GSM (Grams per Square Meter) of 20–25 (Henneberry 2020; 3M Science 2020b).

The respirators are also produced from multiple layers of non-woven fabric similar to a surgical 
mask. But, the respirator is assembled with various levels of GSM and high-level particular filtration 
fabric in the tight fit condition on the wearer’s face. The outer layer of respirator consists of the non- 
woven fabric between 20 and 50 GSM. It is mainly to protect the wearer from own exhalation and 
external environment. The pre-filtration layer is placed with the range of 250 GSM dense fabric next to 
the outer layer and it is normally needled non-woven. This layer is normally processed through 
thermal bonding process and provides sufficient shape retention to the face mask. The innermost layer 
is formed with the high-efficiency electric melt blown or SMS fabric which decides the filtration 
efficacy of respirators (Henneberry 2020).

The high filtration efficiency can be possible to achieve by the performance of non-woven fibrous 
filter, where the fibers are arranged in a random manner by several layers of web with uniform 
arrangement. The space between the fibers is mainly filled with air and these air pockets supports to 
free breathing by wearer. Particulate matter is captured by the fiber web in the non-woven structure 
and it is occurred because of different mechanisms including interception, inertial impaction, gravita-
tional settling, and electrostatic attraction. These possible mechanisms mainly influence the perfor-
mance and efficacy of non-woven filters (3M Science 2020a). World Health Organization (WHO) has 
also advised to avoid the usage of cloth masks in any situation (World Health Organization (WHO)  
2020a). There is evidence in the research work that a maximum of 95% to 99% aerosol particulate 
matter may be stopped from penetrating in respirators as compared with surgical masks where only 
90% of particulate is prevented to enter (Oberg and Brosseau 2008).
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Soerokromo, Retera, and Lankhorst (2014) have confirmed better protection from respirator mask 
(N95) while examining the performance of respirators and surgical masks (9 MM). The research has 
been performed with three groups (Figure 10) (Soerokromo, Retera, and Lankhorst 2014) of health 
care parameters such as respirator wearers, surgical wearers, and control measures. The study 
confirmed the lower colonization with respirator wearers (2.8%) as compared with surgical mask 
wearer colonization (5.3%).

The data for confirming the usage of cloth masks in personal protective equipment for health care 
workers is very limited in the past research work. However, some of the researchers attempted to 
understand the filtration efficacy of three different types of cloth masks. They used the polluted 
particulate size from 30 nm to 2.5 micron with polystyrene latex (PSL) microsphere aerosols. The 
result has confirmed that the surgical mask achieved around 78–94% filtration efficiency against the 
particles as compared with cloth masks filtration efficiency (39–65%). The research output ensured 
good performance and efficiency for a disposable surgical mask as compared with a cloth mask, while 
exposing the particle size smaller than 2.5 micron (Shakya et al. 2017).

The researchers found that the latest SARS-CoV-2 virus is around ~60–140 nm in diameter and the 
highest aerosolized particle diameter range is 0.25–1.0 micron. Many studies suggested that N95 
respirators are the better alternative for filtering out the small particles below 0.1 micron with 94% 
filtration efficiency and it supports the concern to overcome the above-mentioned small particle size 
particulates filtration such as SARS-CoV-2 virus (Campbell 2020; Gardner et al. 2013; Harnish et al.  
2013).

The face masks have been classified into three categories as per international standard American 
Society for Testing and Materials (2020a) based on the barrier properties of filtration face mask. It has 
been enlisted (Table 1) as follows: (1) Level 1 (Low barrier), (2) Level 2 (Intermediate barrier), and (3) 
Level 3 (High barrier) (Oberg and Brosseau 2008); American Society for Testing and Materials (2020b).

Level 1 (low barrier)

The level 1 mask is called a low barrier and it can be considered to be used for the routine life, where 
a wearer is not involved in the health care work. The level of filtration with this face mask is less than 

Figure 10. Comparison of colonization attack rate of different masks.

12 T. GOBIKANNAN ET AL.



95%. The flame resistance level is also considered to be class 1 and resistance to synthetic blood 
penetration is around 80 mm Hg (ASTM standard). This category of mask can be used while exposure 
is to the low-risk level aerosol and liquid circumstances.

Level 2 (intermediate barrier)

The level 2 mask is called as an intermediate barrier and it can be used for medium-level aerosol and 
liquid environments. An intermediate barrier has a filtration efficiency of ≥98% and flame resistance is 
around class 1. The resistance to synthetic blood penetration in the level 2 mask is expected to be 
around 120 mm Hg. The differential pressure level is <6.0 mm H2O/cm2 which can provide good 
breathability to the wearer. The surgical face mask that has been produced with three layers of spun 
bond or melt-blown fabric may be grouped as level 2.

Level 3 (high barrier)

The level 3 masks are required for high-barrier activities. It may be helpful to filter the particle and 
bacteria at ≥98% efficiency. The differential pressure (mm H2O/cm2) allowed in the level 3 mask is 
<6.0 and it may provide a high level of comfortable breathing to the wearer. As level 3 masks provide 
high resistance (160 mm Hg) to synthetic blood penetration compared with other level masks, it is 
highly preferred for surgical mask application. The level 3 mask or respirator may be produced from 
three layers of SMS fabrics, and it can cover the mouth and nose of the user tightly.

Comparison of Different Types of Masks and Respirators

Table 2 explains the available face masks (except ordinary cloth mask) in the worldwide market used 
for medical purposes and it has been listed out as (Kumar et al. 2021; Robertson 2021),

(i) Single use face mask,
(ii) Surgical mask, and

(iii) Respirator.

It has also been further classified based on material standards in Table 2.
A photograph of an ordinary cloth mask is given in Figure 11. It is commonly used by millions of 

people during the last pandemic. The cloth facemask is highly recommended in areas of widespread 
transmission where there is limited scope to implement the standard operating procedure (SOP) of 
Covid-19. It is also highly recommended to use the cloth facemask in the widespread transmission 
areas, where the 1 meter separation cannot be possible to achieve in public areas such as public buses, 
trains, workplaces, and shops. WHO also recommended the following guidelines for cleaning reusable 
cloth facemask that includes washing of fabric mask in soap or detergent with boiled water (80°C) 
every day at least once or boiling the facemask for 1 min with subsequent hot water, detergent, and 
room temperature water wash (WHO 2020b).

Table 1. Classification of face mask levels based on their properties (ASTM F 2100–20).

Properties
Level 1 

(Low- barrier)
Level 2 

(Intermediate- barrier)
Level 3 

(High -barrier)

Particle filtration efficiency at 0.1 micron (%) ≥95 ≥98 ≥98
Bacterial filtration efficiency (%) ≥95 ≥98 ≥98
Differential pressure (mm H2O/cm2) <5.0 <6.0 <6.0
Resistance to penetration by synthetic blood (mm Hg) 80 120 160
Flame resistance Class 1 Class 1 Class 1
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Table 2. Comparison of different type of masks available in the worldwide market.

S. No. Type of Mask Standard Number Effectiveness of Filtration

1. Single use face mask China : YY/T0969 3.0 microns : ≥ 95% 
0.1 microns : Nil

2. Surgical Mask USA : ASTM F2100 Level 1 Level 2 Level 3
3.0 microns : ≥ 

95% 
0.1 Microns : ≥ 

95%

3.0 Microns : ≥ 
98% 

0.1 Microns : ≥ 
98%

3.0 Microns : ≥ 
98% 

0.1 Microns : ≥ 98%

Europe : EN14683 Type I Type II Type III
3.0 Microns : ≥ 

95% 
0.1 Microns : Nil

3.0 Microns : ≥ 
98% 

0.1 Microns : Nil

3.0 Microns : ≥ 
98% 

0.1 Microns : Nil
China : YY 0469 3.0 Microns : ≥ 95% 

0.1 Microns : ≥ 30%

3. Respirator USA : NIOSH (42 CFR 
84) 

China : GB2626

N95/KN95 N99/KN99 N100/KN100
0.3 Microns : ≥ 

95%
0.3 Microns : ≥ 

99%
0.1 Microns : ≥ 

99.97%
Europe : EN 

149:2001
FFP1 FFP2 FFP3

0.3 Microns : ≥ 
80%

0.3 Microns : ≥ 
94%

0.3 Microns : ≥ 
99%

Note: 3.0 Microns : Bacteria Filtration Efficiency standard (BFE). 0.1 Microns : Particle Filtration Efficiency standard (PFE). 0.3 Microns : 
Used to represent the most-penetrating particle size (MPPS), Nil- No requirements.

Figure 11. A photograph of standard cloth face mask.
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Characterization of Face Mask

The face mask is classified based on the characteristics of the face mask material. The characterization 
of medical textile products has been performed in accordance with American Society for Testing and 
Materials (2020b). The following tests are usually adopted for face masks, 1. Particle filtration 
efficiency (PFE), 2. Bacterial filtration efficiency (BFE), 3. Differential pressure or breathability, 4. 
Fluid or splash resistance, and 5. Flammability test (Chellamani, Veerasubramanian, and Balaji 2013; 
Rossettie et al. 2020).

Particle filtration efficiency (PFE)

The particle filtration efficiency (PFE) can help to assess the performance of respirator protection from 
particles. The experiment has been performed on Polyurethane latex sphere aerosols with a particle 
size of 0.1 µm at an airflow rate of 28 L/min. through the mask. PFE can be measured by calculating the 
difference between the amount of aerosol sphere passed through the fabric and the remaining 
residuals in the measuring container. The maximum and minimum PFE range is between 95% and 
70%, respectively, for various classes of filtration masks. The PFE can be measured using standard 
protocol and calculated based on the aerosol particle concentrations downstream (Cdown) and 
upstream (Cup) of the sample holder that is used to hold face mask sample cut out from the full 
mask (Whyte et al. 2022). 

PFE ¼ 1 �
Cdown

Cup
� 100 (1) 

Bacterial filtration efficiency (BFE)

The bacterial filtration efficiency (BFE) is the assessment of the particles’ filtration capability that has 
been expelled from the mask wearer. It is usually executed in face mask fabric with Staphylococcus 
aureus aerosols where a particle size is 3.0 µm at a flow rate of 28.3 L/min. Staphylococcus aureus is one 
of the leading nosocomial infection that originates from hospitals. Similar to PFE, the variation of 
aerosol concentration across both sides of the fabric is used to calculate the BFE of filtration masks. 
The expected level of BFE is between 95% and 98% for the face masks. Similar to the PFE, BFE can also 
be computed similar to equation 1. Also, based on the bacterial filtration efficiency test, the filtration 
efficiency was calculated as percentage difference between the control and test sample. The colony 
forming units (CFU) of the control (without sample) is C per ml and CFU of test sample is T per ml 
using the following equation (Selvam and Nallathambi 2015). 

BFE in%ð Þ ¼
C � T

T

� �

� 100 (2) 

Differential pressure or breathing resistance

The breathing resistance is used to measure the airflow resistance of the facemask. A constant rate of 
airflow is required to be maintained for analyzing of the differential pressure of the sample. The result 
is derived by using the differential air pressure and surface area of the fabric. The high airflow 
resistance value indicates less breathability of the face mask wearer. It may be recommended that 
the low airflow resistance face mask is the better choice for comfortable breathing. The breathing 
resistance value allowed for face mask starts from ≤3.0 mm H2O/cm2 (non-splash-resistant surgical 
face masks) to ≤5.0 mm H2O/cm2 (splash-resistant surgical face masks) (Sundaramoorthy, 
Palanisawamy, and Jayaraman 2011). The differential pressure (ΔP) per cm2 of the tested specimen 
expressed in (Pa/cm2) of the tested fabrics was calculated based on the low side pressure (X1) and the 
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high side pressure (X2) of the test specimen in Pa with the area (4.9 cm2) of the test specimen in cm2 as 
follows (Whyte et al. 2022) 

ΔP ¼
X1 � X2ð Þ

4:9
(3) 

Additionally, airflow rate (Q), air mean velocity (Um), and air permeability of the fabric (P) are also 
other important parameters for determining the functionality of the mask. The airflow rate in m3/s 
depends on the number of the pores (m), mask area (A) in m2, and air mean velocity in m/s. However, 
Um depends on the pressure drop across the face mask (ΔP) in Pa, hydraulic diameter of the mask pore 
(dp) in m, thickness of the fabric (h) in m, and air dynamic viscosity (η) in Pa.s. The air velocity (U) 
in m/s depends on porosity (ε) and Um (Hes and Dolezal 2017). 

Q ¼ m:A:U (4) 

U ¼
Um

ε
(5) 

Um ¼
ΔP:d2

h
32:h:η

(6) 

Fluid or splash resistance

Fluid or splash resistance examines the resistance of the face mask against the high-velocity streams of 
fluid at different velocity ranges. The validity of splash resistance was confirmed by using synthetic 
human blood at 80, 120, and 160 mm Hg blood pressure range, which helps to simulate the impact of 
human blood and other body secretion liquids on the face mask. The high splash resistance of the 
fabric can be ensured when the liquid penetration of fabric is stopped to appear on the front surface of 
the fabric from the backside.

Flame resistance

The flammability test can help to understand the flame resistance behavior of face masks and it may be 
an important parameter for the medical products that possibly and potentially ignite instruments in 
the operation theater. The flame resistance is the time required to spread the fire to a particular length 
of samples after igniting the fabric. The time length of flame spreading properties has been classified by 
many standards and research institutes. Mostly, it comes under four categories including classes 1–4, 
where class 1 indicates the least chance of flammable material. The face mask is recommended to 
prepare from class 1 and 2 material as per the United States Food and Drug Administration (FDA) 
direction.

Conclusion

Most health organizations have recommended using face mask in day-to-day life to avoid the 
communicable disease spreading. On the other hand, it is unavoidable to wear a personal protective 
kit with a face mask for health care and front runner worker to save their own life in the fieldwork. 
COVID-19 situation demands the use of face masks by everyone. Thus, this work made a detailed 
review to understand the different types of face masks available in the market including respirator, 
surgical mask, and cloth mask. The raw material requirements and manufacturing process of different 
kinds of face masks have been discussed and found that woven, non-woven, and knitted face masks are 
the most common. The importance of antiviral and antibacterial treatment on face masks has also 
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been reviewed in detail which imparts special properties to the face mask due to the innovative use of 
nano-particle coatings and finishes. The classification of face mask based on the fabric structure and 
performance characteristics have been given which illustrates that main fabric structures could be 
woven, non-woven, and knitted which supports the filtration of objects by the fibrous network in ways 
like inertial impaction, interception, diffusion, and electrostatic deposition. Much of the research work 
has evidenced that the respirator is a better option to protect the wearer from bacterial and viral 
infections. The surgical face mask is also one of the alternative choices for health care workers during 
their routine activities. Higher breathability is also possible to achieve through cloth masks. However, 
there is no strong evidence to support the higher bacterial filtration efficacy of cloth masks. The 
fruitful research in the field of face masks is very important for safeguarding the health care workers 
and the public from the spreadable virus in the pandemic situation.

Highlights

● Antiviral and antibacterial face mask used in pandemics are very importance.
● Face mask history, importance, and classification are discussed.
● Face mask material requirements, manufacturing techniques, and testing requirements have 

been deliberated.
● Common fibers employed in face mask are reviewed.
● Efficiency of face mask by several characteristics has been discussed.
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