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ABSTRACT 
 

Upon the outbreak of the COVID-19, community wide mask wearing has become an important tool to prevent the spread of 

the virus. The use of disposable masks -that are generally produced of three or more layers of synthetic nonwovens- by the 

general public is being questioned from an environmental and waste perspective. Conventional textile fabrics, on the other 

hand, may not provide the desired level of protection against the virus. In this study three layer fabric mask structures having 

a middle layer of nonwoven (100 g/m2 or 120 g/m2) sandwiched between knitted polyester fabrics were prepared. The particle 

filtration and breathability properties of the fabric assemblies were investigated. In order to prevent bacterial growth and enable 

safer use, the outer layer was antibacterial and water repellent functionalized. The middle layer was also antibacterial treated. 

The air permeability of the three layer fabric structure with an antibacterial nonwoven (100 g/m2)  middle layer and an 

antibacterial and water repellent outer layer was ≥ 96 l/m²/s. The particle filtration efficiency was 23% when tested for 0.3 µm 

NaCl aerosol particles. The particle filtration efficiency was not reduced after washing up to 20 cycles.  
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1. INTRODUCTION 

 

Before the global pandemic of Coronavirus Disease 2019 (COVID-19), the use of masks and respirators 

had been mostly limited to the industrial and healthcare settings where the protection of wearers from 

exposure to dangerous substances (chemical or biological)  is required. There are well established 

national and international standards on the requirements of medical/surgical masks and respirators. For 

instance, the Turkish Standard TS EN 149 + A1 defines the requirements for respiratory protective 

devices and presents a classification (FFP1, FFP2 and FFP3) based on the performance criteria [1]. The 

classification of medical face masks (Type I, Type II, Type IIR) are defined in TS EN 14683+AC:2019-

09 based on the assessment of bacterial filtration efficiency (%), differential pressure (Pa/cm2), 

microbial cleanliness (cfu/g) and splash resistance (kPa, only for Type IIR) [2].  

 

Upon the outbreak of COVID-19, community-wide mask wearing was recommended by the authorities 

as the new coronavirus (SARS-CoV-2) mainly spreads in the form of liquid particles (liquid droplets, 

aerosols) from the mouth and nose, and mask wearing could reduce the risk of transmission of the virus 

[3, 4]. This has triggered the demand for face masks and eventually led to a shortage in the supply of 

face masks that are compliant with the previously established standards [5]. The use of fabric masks 

(barrier masks, community masks, DIY masks) by the general public has been debated not only due to 

the shortage of medical masks and respirators, but also because the fabric masks pose lower risk of 

adverse health effects [6, 7]. Surgical masks and N95 masks were found to cause discomfort as they 

prevent normal transpiration and increase perspiration [8]. The reports on the adverse skin reactions and 

sensation of dry nose due to the prolonged use of medical/surgical masks and respirators are not rarely 

found [9-11]. Several organizations, both regional and international, have issued guides and standards 

on the minimum requirements of the fabric masks [12-15]. Although the testing methods and/or 
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classifications vary, the published documents address three essential parameters: filtration, breathability 

and fit. In the absence of systematically reported data on the filtration performance of various textile 

fabrics/structures, most of the studies conducted so far have focused on the filtration performance of the 

masks [16, 17]. On the other hand, breathability is just as important due to the concerns associated to 

difficulty in breathing [6]. There are a few works concerned with both filtration and breathability 

performance of the fabric masks [18].  

 

The increased use of disposable medical masks/respirators that are produced of several layers of 

nonwoven fabrics has also been raising concerns from an environmental and waste perspective [19]. 

The re-use or extended use of masks has also been questioned.  The risk of bacterial growth on the mask 

due to successive use may also lead to serious health problems. The antimicrobial treatment of fabrics 

can provide efficient protection against microorganisms and address some of the problems related to the 

extended use of fabric masks [20]. Among other antibacterial agents, silver doped calcium phosphate 

based inorganic powders were successfully used for the antibacterial treatment of textiles [21]. Such 

inorganic structures are expected to pose lower toxicity as they tend to release silver ions at a relatively 

slow rate [22].  

 

In this study the potential of the knitted polyester fabrics for the production of face masks has been 

investigated. Three layer fabric structures were designed to provide efficient filtration performance 

without compromising breathability. In order to reduce the risk of bacterial growth upon use, the middle 

and outer layers were antibacterial (A) treated. A water repellent (S) finish was applied on the outer 

layer to reduce the hydrophilicity of the polyester fabric. The performance of the fabric structure after 

washing has also been assessed to put forth the potential of mask for re-use after washing.  

 

2. MATERIALS AND METHODS 

 

Polyester (PET) knitted fabrics and 70% polyester (PET)-30% polyamide (PA) nonwoven fabrics were 

supplied by Meyteks Textile, Turkey and Mogul Co. Ltd, Turkey. Fabric properties are included in 

Table 1. For antibacterial treatment, an aqueous solution of silver doped calcium phosphate based 

antibacterial agent (PAG-C-75, Nanotech, Turkey) and an acrylic resin (ORGAL NA 430, Organik 

Kimya, Turkey)  was prepared at pH=5-5.5. The fabrics were passed through this solution and squeezed 

with a laboratory padder (ATC-F350, Ataç, Turkey) to achieve 85% pick-up. After drying at 110°C for 

three minutes, the knitted fabrics were treated by a fluorocarbon based water repellent agent  (Nuva 

2110, Clariant, Turkey) to achieve 90% pick-up. Curing was performed at 160°C for three minutes.  

 
Table 1. Fabric properties  

 

 

 

Code Type Composition Areal Density 

(g/m²) 

Thickness 

(µm) 

Bulk Density 

(g/cm3) 

N1 Nonwoven 70% PET-30% PA 100 260 0.4 

N2 Nonwoven 70% PET-30% PA 120 330 0.4 

N3 Nonwoven 70% PET-30% PA 80 250 0.3 

M1 Knitted 100% PET 128 430 0.3 

M2 Knitted 100% PET 114 400 0.3 

M3 Knitted 92% PET-8% EL 237 580 0.4 
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The fabric surfaces were analyzed by a light microscope (Discovery V20, Zeiss, Germany) equipped 

with a digital camera (Axiocam ERc 5s, Zeiss, Germany). Fabrics were tested for antimicrobial activity 

(ASTM E2149:2020) using Escherichia coli (ATCC 25922) as the test organism. The initial bacteria 

concentration was 1.5×105 cfu/ml. The % reduction (R) was calculated according to Equation 1 where 

A and C are the number of colony-forming units in the test specimen and control (untreated) specimen 

in cfu/ml, respectively, after the contact time (24 hours). 

 

 
𝑅% =

𝐶 − 𝐴

𝐶
× 100 

 
(1) 

In order to resemble mask assemblies, three types of fabric structures  (I, II, III) each having three layers 

of fabric were prepared as shown in Figure 1. For each assembly the inner layer fabric that would be in 

contact with the mouth, nose and skin was of 100% polyester (M1) and used without any further 

treatment. Structure Type  I is composed of untreated fabric layers. Structure Type II represents the 

samples which consist of a middle layer of PET/PA blend nonwoven (N1 or N2) and an outer layer of a 

knitted polyester fabric, both treated with the antibacterial agent. Structure Type III represents the 

samples which consists of a middle layer of antibacterial treated PET/PA blend nonwoven (N1 or N2) 

and an outer layer of antibacterial and water repellent treated polyester. Fabrics and fabric structures 

were tested for breathability according to TS 391 ISO 9237 using an air permeability tester (Proser, 

Turkey) at a pressure drop of 100 Pa. Three measurements were collected from different parts of each 

sample and the average results were reported.  

 

Figure 1. Three layer fabric structures (A: Antibacterial S: Water Repellent) 

The particle filtration efficiency (η) of three layer structures was tested with an automated filter tester 

(8130a, TSI, USA) using NaCl aerosol particles of 0.3 µm at a flow rate of 95 L/min (face velocity of 



Üreyen et al. / Eskişehir Technical Univ. J. of Sci. and Tech. A – Appl. Sci. and Eng. Vol. 22  – 2021 

8th ULPAS - Special Issue 2021 

 

13 

15.8 cm/sec). The filtration efficiency was calculated using Equation 2 where 𝐶𝑢 and 𝐶𝑑 are the aerosol 

concentrations at the upstream and downstream, respectively.  

 
𝜂% =

𝐶𝑢 − 𝐶𝑑
𝐶𝑢

× 100 

 

(2) 

Washing was performed according to ISO 6330-2002 5A program in a wascator (FOM 71 CLS, 

Electrolux, Sweden) and the durability was tested after 20 washing cycles.  

3. RESULTS AND DISCUSSION 

 

3.1.  Breathability 

Air permeability is often used to evaluate the breathability of textile fabrics [23]. The air permeability 

values of different fabrics, measured as received, are given in Figure 2.  

 

Among the most important factors that control the air permeability of a fabric are, areal density, 

thickness and bulk density [24, 25]. As can be seen in Figure 2 (a), for the PET/PA blended nonwoven 

fabrics (N1, N2 and N3), as the areal density, bulk density and thickness increases the air permeability 

decreases. When compared to M1, sample M2 has a lower areal density and thickness and thus higher 

air permeability (Figure 2(b)). As can be seen in Figure 3 (c), the sample M3 which has the highest areal 

density, bulk density and thickness, also has a less porous structure which resulted in a lower air 

permeability. The air permeability measurement results of three layer fabric structures are given in Table 

2. Each sample code begins with the outer layer fabric type, the middle and inner layer fabrics were 

mentioned consecutively. The letters  “A” and/or “S” following the fabric type denote the treatment 

applied to that fabric. The air permeability of the fabric structure decreased when the areal density of 

the middle (nonwoven) layer was increased. The air permeability of structures having antibacterial 

treated layers were higher than those having only untreated layers. This may be due to the heat applied 

during drying/fixation which damage the nonwoven fabric structure and loosen the pores (Figure 3 (e)). 

The air permeability of  N1 after antibacterial treatment was increased by 37%, whereas, such an 

increase was not observed for M1.  Nevertheless, the air permeability of Type II and Type III samples 

(M1AN1AM1, M1ASN1AM1, M1AN2AM1, M1ASN2AM1) were ≥ 96 l/m²/s which is the minimum 

value of air permeability specified in CWA 17553:2020 [15]. The air permeability values of fabric 

structures, whether treated or untreated, were reduced gradually upon washing  possibly due to fabric 

shrinkage and felting (Figure 3 (f)). 

Figure 2. Air permeability of fabrics 
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Figure 3. Microscopy images of untreated a) M1, b) M2, c) M3, d)N1, e) AB treated N1, f) AB treated N1 after 

20 washing cycles at 50X magnification. 

Table 2. Air permeability of three layer fabric structures (W:Washing cycle, SD:standard deviation)  

 

 

3.2. Particle Filtration 

 

The particle filtration efficiencies were calculated using Equation 1, for two different fabric structures 

(Type I and Type III in Figure 1) having N1 or N2 fabric as their middle layers. The calculated values 

are presented in Figure 4. The particle filtration efficiency of sample M1N2M1 (36.2%) was higher than 

that of M1N1M1 (32.2%). In comparison to M1N1M1, the better filtration performance of M1N2M1 

may be attributed to the higher grammage and thickness of the middle layer nonwoven (N2) used in the 

structure [26]. The filtration efficiencies of both samples were reduced after treatment. After 20 washing 

cycles, the filtration efficiency of treated samples (M1ASN1AM1, M1ASN2AM1) were enhanced. 

These results are in good agreement with the decreasing tendency of air permeability after washing. In 

this study the tests were carried out using NaCl aerosol particles of 0.3 µm. Although the current 

European standards for fabric masks specify the minimum filtration efficiency (90%) to particles of 3 

µm [15], aerosol particles of smaller size were specified in some other standards for respirators and face 

Sample Code Middle 

Layer 

Fabric 

Structure 

Type 

Air permeability 

(before washing)±SD 

l/m²/s 

Air permeability  

(after 5 W))±SD 

l/m²/s 

Air permeability  

(after 20 W))±SD 

l/m²/s 

M1N1M1 N1 I 91.7 ± 5.7 77.1 ± 5.8 75.4 ± 3.3 

M1AN1AM1 N1 II 134.5 ± 9.1 101.7 ± 8.1 82.5 ± 4.3 

M1ASN1AM1 N1 III 145.8 ± 5.6 107.1 ± 4.2 83.5 ± 1.8 

M1N2M1 N2 I 72.3 ± 6.5 69.5 ± 6.3 67.7 ± 0.9 

M1AN2AM1 N2 II 96.8 ± 9.0 88.2 ± 7.1 69.1 ± 6.1  

M1ASN2AM1 N2 III 96.8 ± 10.2 70.8 ± 4.9 65.6 ± 3.2  
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masks [27]. Previous studies have shown that the filtration efficiency increases significantly with the 

increasing particle size of the aerosol used for testing [28, 29]. 

 

 

Figure 4. Particle filtration efficiency of three layer structures (W: Washing cycle) 

3.3. Antimicrobial Activity 

The fabrics N1, N2 and M1 were tested for antimicrobial activity after being treated with antibacterial 

and water repellent agents. The treated samples were washed according to the standard washing 

procedure and the washed samples were also tested to evaluate the effect of washing on antimicrobial 

activity. The antimicrobial activity test results are presented in Table 3. The PET/PA blended nonwoven 

samples exhibited higher antimicrobial activity than polyester knitted fabric. This may be due to larger 

surface areas of nonwoven fabrics which enable them to accommodate higher amounts of antibacterial 

agent [30]. The reduction in antimicrobial activity also occurred at a greater extent in polyester knitted 

fabric after washing when compared to the samples PET/PA blended nonwoven samples.  

Table 3. Antimicrobial test results 

 

 

 

 

4. CONCLUSION 

 

Antibacterial and/or water repellent finishes may be useful in reducing the health risks associated with 

the extended use of masks during the pandemic. However, these treatments may lead to significant 

changes in the fabric structure and porosity and thus, breathability and filtration properties. It was shown 

that for the three layer fabric assemblies, the filtration efficiency to 0.3 µm particles was reduced after 

functional treatments but increased after washing. The increase in filtration performance after washing 

might be promising in terms of reuse. The number of uses on the other hand is limited by the reduction 

in air permeability. Type II and Type III fabric structures using 100 g/m2 nonwoven could comply with 

the current air permeability requirement (≥ 96 l/m²/s) up to 5 washing cycles.  

 

 
 

Code Treatment Reduction (%) 
Before Washing 

Reduction (%) 
After 20 Washing Cyles 

N1 A 99.99 99.64 

N2 A 99.99 98.85 

M1 A+S 97.73 95.91 
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