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The global spread of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) proved to be a challenge for public health. It has limited the supply of
medical masks and filtering facepiece respirators (e.g., FFP2), so it has been
recommended that their use be restricted to healthcare settings. For this
reason, the World Health Organization has suggested the use of non-medical
face masks in public places to reduce the airborne spread of SARS-CoV-2. The
quality of public masks can be assured by evaluating two main filtering masks
properties: filtration efficiency (FE) and pressure drop (ΔP). Both of these
quantities are not widely studied for non-medical facemasks. Moreover, many
studies have shown that silver nanoparticles have antiviral, anti-inflammatory
and antibacterial properties [1]. Thus it may prove beneficial in prolonging
the wearing time of masks.

Methods
This study was based on the recommendations of CWA 17553: 2020 standard,
which sets minimum safety requirements for the use of community face
masks. An experimental stand consisting of aerosol generation, transport,
dilution and material testing units was constructed to evaluate the FE of the
fabric masks. Particle size distribution and numerical concentration were
measured with an aerodynamic particle spectrometer (APS, TSI model 3321).
Aerosol particles were generated using 2 % NaCl solution. The textile fabrics
used in the investigation were classified according to the method of
production: woven (W) or knitted (K) [2]. Multilayer and mixed fabrics, or
materials of unknown structure, were classified as composite (C) materials.

Results

Implications

Acknowledgments

References
[1] Eremenko, Anna & Petrik, I. & Smirnova, N. & Rudenko, AV & Marikvas, YS.
Antibacterial and Antimycotic Activity of Cotton Fabrics, Impregnated with
Silver and Binary Silver/Copper Nanoparticles. Nanoscale Research Letters
(2016).
[2] H. Gong, and B. Ozgen, Engineering of High-Performance Textiles, The
Textile Institute Book Series, 107-131 (2018).

In conclusion, it should be noted that textile masks do not guarantee better
protection than medical masks and respirators. Also, if additional coating does
not decrease filtration efficiency, it can be a great solution for expanding
masks wear time.

Moreover, the study found that after coating the material with a solution
containing silver nanostructures, the filtration efficiency in the 2.50 - 3.50 μm
particle size range (which is suggested by the CWA standard) decreased (Fig.
2). Materials with a predominance of cotton (80 - 100 %) had a decrease in
FE ranging from 5 % to 7 %, while materials with a predominance of polyester
(78 - 100 %) had a FE reduction of 17 - 20 % (Table 1). Comparing the
obtained FE values with those provided by the CWA standard (FE > 70 %) it
can be stated that the coating of cotton material with a solution containing
silver nanostructures has a minimal effect on the filtration efficiency. Thus it
meets the standard of non-medical masks.

composition FE, % FE - Ag, % P, 𝑃𝑎/𝑐𝑚2

C03 80% cotton, 17% 
polyester, 3% elastane 91.2 ± 1.0 83.1 ± 2.0 34.2 ± 2.6

K03 100% cotton 80.3 ± 2.0 75.6 ± 2.5 25.6 ± 2.4

K07
20% cotton,78% 

polyester,
2% elastane

77.6 ± 1.6 68.8 ± 3.3 25.1 ± 2.4

C04 20% cotton,78% 
polyester 2% elastane 70.0 ± 1.2 50.2 ± 5.8 8.7 ± 2.2 

C05 100% polyester 60.4 ± 1.4 43.2 ± 4.9 25.1 ± 2.4

Figure 2 Filtration efficiency before and after coating materials with silver nanostructures. 
Also, FE standards for medical and non-medical masks (CWA). 

The penetration of aerosol particles (0.54 - 5.00 μm) was found to vary from 0
to 94 % in different aerosol particle size ranges. The composite materials C03
(D50 = 1.34 μm) and C04 (D50 = 1.71 μm) have been found to have the highest
filtration efficiency equivalent to the requirements of a medical mask (Fig. 1).
Fabric face masks can achieve adequate filtration efficiency over a range of
large particle sizes by adding them to the required number of fabric layers.

Table 1 Comparison of data for measured samples C03, C04, C05, K03, K07. The materials are 
arranged from top to bottom according to the filtration efficiency data in the table.

Figure 1 Dependence of pressure drop through the material ∆P on the aerodynamic diameter D50 
(black - woven, green - knitted, blue - composite). The chart shows the standards for medical masks 

LST EN 14683 (∆P, D50) and non-medical masks CWA 17553 (∆P).


