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Abstract

The outbreak of coronavirus has led to an increase in the demand for facemasks
globally. Unavailability of appropriate polypropylene non-woven fabrics face
masks as a result of inadequate supply to satisfy the growing population has
brought about the manufacturing of locally fabrics masks to augment or subs-
titute standard medical class facemasks. The study aims at analyzing airflow of
these locally manufactured fabrics to determine possible means of transmitting
the virus as well as establish comfort of the user of these masks. Standard poly-
propylene non-woven, woven and knitted fabrics were considered for the study.
Air permeability test was conducted on these fabrics using Frazier Air permea-
bility tester. Depending on the property significant variation in the textile fa-
brics, polypropylene non-woven is widely accepted for facial masks. Neverthe-
less, this study illustrates that woven and knitted fabrics have more open struc-
tures, which allow a high rate of air penetration and so may require two or
three layers to prevent antimicrobial or antiviral potential.

Keywords

Polypropylene Non-Woven Fabric, Woven Fabric, Knitted Fabric,
Facial Mask, Air Permeability

1. Introduction

Masks have been used since ancient times for ceremonial, protective and prac-

DOI: 10.4236/jtst.2021.73011  Aug. 6, 2021 131 Journal of Textile Science and Technology


https://www.scirp.org/journal/jtst
https://doi.org/10.4236/jtst.2021.73011
https://www.scirp.org/
https://orcid.org/0000-0001-7542-8851
https://doi.org/10.4236/jtst.2021.73011
http://creativecommons.org/licenses/by/4.0/

E. K. Buami et al.

tical purposes, as well as in recreational activities. Masks are categorized into
Surgical cover; originally developed to contain and filter droplets of micro-
organisms expelled from the mouth and nasopharynx of healthcare workers and
patients during surgery and general medical practices in and around hospital
environment. Desai noted that a mask is a covering made up of fibre or gauze
and fitting over the nose and mouth to protect against air pollutants, or made of
sterile gauze and worn to protect infection of the wearer [1]. The primary pur-
pose of a surgical mask is to provide protection for the vulnerable from the sur-
gical/medical team [2]. Also, ceremonial masks are developed mainly for recrea-
tions and for certain religious practices [3].

Recently, wearing personal protective facemasks have been thought to provide
an immediate and short-term practical solution to individuals globally, who seek
to reduce their exposure to high levels of pandemic and air pollution without
having to avoid highly polluted environments [4]. Locally manufactured textiles
or Cloth masks lately have become popular choices, particularly in the develop-
ing world due to easy accessibility and affordability. The covid-19 pandemic has
taught citizens from developing countries the necessity to mask up which has
adopted the sense of creativity among the youth by manufacturing various
brands of cloth masks. Dan Wang et’ al stated that If it is safe to do so, the use of
both surgical and local cloth masks during the COVID-19 pandemic may be
suitably prolonged following technical recommendations possibly from World
Health Organization (WHO) [5]. People in low-risk areas on the other hand,
particularly are advised to reuse masks [5]. Nevertheless, all local masks must
attain standards primarily to address the function of disposable masks, with no
explicit directions for mask performance for alternative functions, such as sin-
gle-use period, cleaning techniques, or the number of times a mask can be prop-
erly reused [6]. Disposable medical masks, surgical masks, medical protective
masks, and dust masks often comprised of nonwoven polypropylene textile with
electrostatic characteristics that improve particle collection as required by facial
masks.

Since the affirmation of COVID-19 as a pandemic by the World Health Or-
ganization, there have been a number of preventive measures outlined by some
organization to minimize the risk of being infected with the virus. Examples of
these preventive measures includes but not limited to; regular washing of hands
with soap under running water, the use of alcohol based hand sanitizers of alco-
hol concentration 70% to 80%, social distancing of at least about one metre,
avoiding overcrowding and ensuring good ventilation, as well as wearing of face
mask [7]. Even though cloth mask agreeably may not be effective during the
pandemic [8], its assessment of controlling the spread of the covid-19 pandemic
and other air borne diseases cannot be under estimated [9]. It is now known
that, COVID-19 is transmitted predominantly by inhalation of respiratory
droplets generated when people cough, sneeze, sing, talk or breathe [10]. Hence

the use of the mask is intended not only to reduce the risk of infection by inhala-
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tion but also to reduce the emission of the virus. According to Ghana Health
Service, a report from the daily graphic dated March 16", 2020, there has been
an increased demand of face mask in developing countries especially in Ghana
since the first case of COVID-19 was reported in Ghana, March 12", 2020. As a
result, there is hike in the price of surgical masks. This has led to a lot of people
resorting to the use of face masks made from cloth.

Although both surgical mask and locally cloth face mask offer some protec-
tion from droplet of infection, the former according to a research offers better
protection than the latter [4]. Polypropylene non-woven surgical face masks
come in various thicknesses. Some are three-ply while others are four-ply of
non-woven materials. This impacts their ability to protect one from splashes,
sprays, large particle droplets or splatters that may contain viruses or bacteria [4]
[11]. In an extensive review of various face masks published in September 2020
in the Journal of Science Advance, researchers from Duke University, found
surgical masks to be the second best option to protect one from COVID-19 in-
fection. Alternative benefit of the use of the surgical mask is that they are sin-
gle-used and are disposable.

On the other hand, locally woven cloth face mask became an alternative for
many who could not acquire the surgical face mask due to the scarcity and hiked
price [9]. Strategically, it is less expensive and reusable. It is however worth not-
ing that, its reusability can become detrimental when it is not well disinfected
before reuse. Also, locally woven cloth face mask can be in layers of at most
three materials. A research shows that the locally woven face mask can offer
about 50% or even more protection when it is made up of three layers [7] [12].
Nonetheless, it is relevant to know that cloth mask doesn’t provide the same lev-
el of protection as surgical face masks. According to C Raina et al, moisture re-
tention, reuse of woven cloth face mask and poor filtration may result in in-
creased risk of infection [13]. Woven cloth face mask is reusable and must be
disinfected for reuse [10] [14]. One challenge is that most people don’t have the
requisite knowledge to properly disinfect the woven cloth face mask before reuse
and also, most of these face mask are made from a very thick fabrics and as such
has a very little air penetration even if it is able to trap particles of viruses and
other germs.

Surgical masks conspicuously, are loose-fitting masks that have been approved
by the food and drug authority (FDA). In comparison to fabric masks, surgical
face masks are manufactured under extremely hygienic conditions. This mask
prevents big droplets of bodily fluids containing the virus or other germs from
escaping through an infected person [15]. They also shield you from other
people’s splashes and sprays, such as sneezes and coughs. Surgical face masks are
also disposable, which means they’re only used once. Disposing them after usage
minimizes the chance of infection from the virus and other germs that may have
lodged in it during the initial use. Additionally, surgical masks are rather loose,

resulting in a high risk of infection and have air filtration [16]. It should be
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noted also that locally woven cloth facial masks can be made under good hygie-
nic conditions meeting all expected requirement of surgical face masks.

This study however, analyses the effectiveness of both polypropylene non-
woven surgical and locally manufactured woven and knitted cloth masks and
presents some recommendations to enhance the effectiveness of the locally

manufactured woven cloth masks.

2. Materials and Methods

According to research [17] [18], The purpose of a woven and knitted cloth face
mask is to function as a protective border to incredibly tiny droplets produced
during talking, sneezing, or coughing, which can be up to 5 microns in size
(WHO 29/4/2020). When one is exposed to coughing and sneezing, every facial
masks, including N95 or locally manufactured fabric, filter less tiny particles
than when exposed to regular breathing rate of human. This study was con-
ducted using the following textile fabrics: polypropylene non-woven, woven, and
knitted fabrics. Frazier air permeability tester was used to determine the flow
and speed of passage of air through the above-mentioned fabrics.

Figure 1 is the sample textile fabrics that were tested with the air permeability
tester.

The estimated airflow over an area of the fabric at a specific magnitude is
known to be the air permeability of a fabric filter medium [19]. This approach
was used to determine the reasonable of air resistance by measuring the time it
took to flow to a certain volume of air through it at a given pressure. The con-
ventional method for determining the air permeability of a fabric is to set the
device flow rate after calibration and analyse the airflow. The air is sucked
through the clamped medium specimen into an enclosed chamber and out
through an outlet that measures the flow.

The rate of air per unit area is given as a differential pressure which is ex-
pressed as cfm/ft at 0.5 inches, (cubic feet per square feet of sample per min-
ute)/(feet per minute). Regular rating for the experiment is estimated from 2 to
2000 Pa, at a permeability range of 0.1 - 12,000 mm/s. The testing area covers 20
cm’. The result will be the relative per size, so a small number would provide
finer removal efficiency. ASTM D737-04 is the standard test method of air per-
meability of textile fabrics [20].

Woven fabric Polypropylene non-woven Knitted fabric

(200 — 2800 Pa) fabric (500 — 3600 Pa)
(100 — 480 Pa)
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Figure 1. Textile fabrics (woven, non-woven, and knitted fabrics).
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The Frazier Air Permeability tester, manufactured by the Frazier Precision In-
strument Company, Inc., Hagarstown, Maryland USA, is illustrated in Figure 2.

Figure 2, is an outline representation of Frazier air permeability tester (The
Frazier Air Permeability tester, manufactured by the Frazier Precision Instru-
ment Company, Inc., Hagarstown, Maryland USA), sucked the air into an en-
closed chamber through the clamped medium fabric and out through an aper-
ture that measures the flow. For airflow calculation, a manometer across the me-
dium delivers the pressure globule, whereas a manometer across the nozzle gives

the pressure globule across the nozzle for evaluation of airflow.

3. Results and Discussion

Air permeability is one of the most important characteristics in the functioning

of fabrics for facial mask in the prevention of air borne diseases as they aid as

Manometer

Qil reservoir
Manometer
L CHH
Air flow
direction
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Beveled ring \ /

J / B

Table top —! To computer
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orifice Frazier 2000
Suction pressure
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(Source: Adapted from ScienceDirect, 2021).

Figure 2. Frazier air permeability tester (The Frazier Air Permeability tester, manufac-
tured by the Frazier Precision Instrument Company, Inc., Hagarstown, Maryland USA).
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filter, breathable liners, protective clothing and other applications in medical,
industrial and home clothing [21] [22]. Relatively, it delivers assessment of fabric
permeability to thickness and density. Fabric Thickness is a parameter which
controls handle, creasing, thermal resistance, heaviness or stiffness.

This study shows that yarn twist of the woven fabrics contribute significantly
to increase in circular and density of the fabric simultaneously decreasing the
diameter and further increasing the high rate of air passage [23], it records about
2800 Pa. Also, yarn crimp demonstrate high rate of fabric opening causing ex-
tension, increase in free space which permit high air permeability. In yarn con-
struction, yarns are modified by increasing the twist for special effect, this cor-
respondingly permit spherical, and high-density yarns to be crammed tightly
together in complex woven structure with much lower air permeability.

The airflow per unit area through the polypropylene non-woven was evalu-
ated at a specified variance pressure, usually about 480 Pa. As per the accuracy of
measurement, the technique seems rather very useful for prompt determination
of quality and uniformity of polypropylene non-woven material. The most im-
portant element such as base weight, fabric thickness, and ostensible density de-
fine airflow as well the speed. There are also major determining factors such as
size of fibres, and method of construction. However, airflow reduces drastically
on the bases of base thickness, and probably conspicuous density increase in
space and decrease in fibre size [24] [25].

On the other hand, knitted fabric proves to permit high rate of air permeabil-
ity based on the study we conducted. Knitted fabric is a textile material made by
inter-looping yarns or inter-meshing loops, a process known as knitting. It dif-
fers from woven and non-woven cloths in that it is more flexible and can be
formed into smaller pieces more easily. Due to its flexibility, it is more suscepti-
ble to airflow even though it is more bulky compare to woven and non-woven
fabrics. It measures about 3600 Pa. Figure 3 below shows the graphical repre-
sentation of air permeability between the three types of textile fabrics used for
the study.

It is widely thought that air permeability of fabric is determined by its air po-
rosity which defines its openness. More fabric porosity results in a more perme-
able fabric. As a result, air permeability is directly relative to the pressure. When
comparing the air permeability of the three fabrics, knitted fabric had the highest
air permeability. Nonetheless, this airflow is associated with the fabric’s porous
structure that is equivalent to the rate of fabric porosity [26]. Also, when the
pressure level sprouts, the flow rate rises.

The study reveals that the porous nature of woven and knitted fabrics permit
high rate of airflow compared to non-woven and could not be substituted for
polypropylene non-woven surgical masks as best for prevention of air borne
diseases as seen in Figure 3. Due to the circumstances, WHO has approved
production of disposal surgical masks and all protective masks made of
non-woven polypropylene fabric having electrostatic properties which will cap-

ture tiny particles and micro-organisms [5].
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Air permeability of Polypropylene non-woven, single layer woven,
and single layer knitted fabrics

- 4000

1500

1 2 3 4 5 6 7 8 9 10
Time / Pressure range (Pa)

—o—Non-woven —o—Woven Knitted

Figure 3. Air permeability of non-woven, woven, and knitted fabrics.

Nevertheless, the appearance of the locally manufactured fabric masks made
up of woven and knitted create high awareness of the pandemic and perhaps
other related air borne diseases. Individuals however, who pushed out of inevi-
tability to reuse facial masks thereby considering locally manufactured fabric
masks should consider extending the use of masks that were originally designed
as disposable masks making it user-friendly by sanitization to kill any COVID-19
viruses on the used masks; and also, efficiently controlled charge regeneration of
masks to maintain mask performance for reuse [5] [8].

The study was also conducted on two and three layers of woven and knitted
fabrics respectively and compared with polypropylene non-woven fabric. Results
indicate that an increase in the number of fabric layers will improve efficiency
and additional protection for the user, nonetheless, they have reverse effect on
breathability of the user. Figure 4 and Figure 5 show graphical representation of
two and three layers respectively.

Air permeability test for the three types of fabric was conducted within a time
frame of 10 - 15 s. Figure 4 illustrate a reduction in airflow and Figure 5 further
reduction thereby increasing additional protection but high breathability conse-
quence by the user. Air permeability on the y-axis illustrates the flow of air with
its corresponding to time/pressure range (Pa) on the x-axis. The axes show the
time correlation between the rate of air movement of each fabric.

From Table 1, after the enormous reduction from a single layer woven fabric,
there is little or no reduction between two and three layers woven fabrics. In or-
der not to have further breathability effect, two or three layers woven fabric is
recommended for facial mask. In the case of knitted fabric layers, substantial
reduction is observed between two and three layers signifying how porous knit-
ted fabrics could be hence high rate of air permeability. The greater the air per-
meability is, it improved breathability and comfort but with higher risk of con-

tamination and transmission.
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Air permeability of polypropylene non-woven, two layers woven,
and two layers knitted fabrics
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Figure 4. Air permeability of polypropylene non-woven, two layers woven, three layers
knitted fabrics.

Air permeability of polypropylene non-woven, three layers woven,
and three layers knitted fabrics
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Figure 5. Air permeability of polypropylene non-woven, three layers woven, three layers
knitted fabrics.

Table 1. Below illustrate the relationship between the differential values of the three types
of fabrics shown in the graphs.

Fabric type Air permeability flow (Pa) (L/m?/s) Time (s)
Polypropylene non-woven 100 - 480 10-15s
Woven-single layer 200 - 2800 10-15s
Woven-two layers 200 - 1800 10-15s
Woven-three layers 100 - 1800 10-15s
Knitted-single layer 500 - 3600 10-15s
Knitted-two layers 300 - 2500 10-15s
Knitted-three layers 200 - 1900 10-15s

Shortages of standard polypropylene non-woven masks globally and in Ghana

from research show that individuals should not depend on scarce resources at
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the expense of the most vulnerable health workers in line of duty [6], rather
focus on locally manufactured woven as well knitted face masks taking into
consideration lay down requirement or guidelines by WHO. Precisely, consider
the fact that the virus seems to predominantly come out during talking or sneezing
of an infected person [27]. Fabrics and probable liners or filters if selected care-
fully under good hygienic conditions for users can offer significant role in re-
ducing the spread of the virus and other air borne diseases in the community
[27] [28].

Accordingly, all masks must be well design to allow breathing and comfort. If
the mask averts individuals from breathing easily, it will cost a serious danger to
the health, not only from becoming oxygen deprived but also risking individuals
to touch the face and remove or adjust the mask during wear which may in-

crease excessive risk of transmission.

4. Conclusions

The study considerably employed three different fabrics under discussion namely,
polypropylene non-woven, woven, and knitted fabrics based on their air per-
meability using Frazier Air permeability tester.

Polypropylene non-woven fabrics mostly are held together with a bonding
agent which largely determine the wear properties of the fabric and also the
breathability nature of the fabric structure. Even though the air penetration rate
is low as compared to woven and knitted fabrics from this study, it does prevent
the transmission of the virus and other related air borne infections. We observed
that knitted fabric having the highest amount of air penetration due to its open
structures, which allows a high level of stretch. Also, woven fabrics are higher
than of non-woven due to the interlacing of the warp and weft yarns, which are
enhanced by beat-ups with the reed. The increasing rate of manufacturing face-
masks locally using woven and knitted fabrics have brought to the fore light the
need to consider the variable that directly and simultaneously influences mask
breathability and effectiveness providing comfort and some additional protec-
tion. Accordingly, woven fabric masks can replace non-woven masks to reduce
pressure on scarcity of economy of the developing countries especially Ghana.
We also recommend that it should be produced considering full requirements of
World Health Organization.

Additionally, locally woven and knitted fabrics masks should be made with
layers of two or three in order to lower the risk in acquiring the virus or any in-
fectious diseases. Also, all masks should be accompanied by directives elucidat-
ing how it should be worn and cared for and what the limitations of a mask are

and when the mask or its components must be replaced.
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