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Changes of Particle Filtration Efficiency of Cloth Masks by
Machine Washing and Cloth Expansion

Seung Won Kim’

Department of Public Health, Keimyung University

ABSTRACT

Objectives: This study was designed to evaluate the changes in the particle filtration efficiencies of five cloth masks (4 plate types,
1 cup type) with an increasing number of machine washings and the degree of cloth expansion.

Methods: NaCl aerosols were generated using an atomizer and passed through cloth masks in a dynamic aerosol chamber. Particle
concentrations were measured both before and after for the cloth masks using an optical particle counter (OPC) in the size range
0of 0.3~10 um.

Results: In the original condition, the filtration efficiencies of the five cloth masks were A: 20.1%, B:30.9%, C: 25.0%, D: 26.5%,
and E: 40.9%. As the number of washings increased in the order of one, two, and four times, the filtration efficiencies of cloth
mask C increased. The filtration efficiency of A, D, and E increased after the first washing. With the exception of B, the filtration
efficiency of cloth masks increased after the second washing and those of all cloth masks increased after the fourth washing. This
might be caused by the fibers untangling from the yarn and being freed at one end. In this status, the packing density of the textile
will not change, but the distances between fibers will increase, which might bring about an increase in filtration efficiency.

When the cloth masks were extended by 10% and 20% in one direction, the filtration efficiencies of cloth masks B, D, and E
decreased at 10% extension, and those of all cloth masks decreased at 20% extension. When the cloth masks were expanded by
10% and 20% in two directions, the filtration efficiencies of all cloth masks decreased by at least 34.7% at 10% extension, and by
at least 60.9% at 20% extension
Conclusions: The filtration efficiency of cloth masks could decrease after one to two machine washings, but will increase after
four washings in comparison with their original performances. The filtration efficiency of cloth masks will decrease when they are
expanded, such as when stretching over the nose during wearing status.

Key words: cloth expansion, cloth mask, filtration efficiency, machine washing
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Figure 1. Schematic diagram of filtration efficiency test setting
for cloth masks
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(Hammond drierite, USA)} QJR5:8}7|(aerosol neutralizer
soft x-ray charger 4530, HCT, Korea)S A* HHZ
A ch(Figure 1)
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o]t} PAS 1.1082 157}19] =71 IS 7HX|1 )
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Table 1. Characteristics of cloth masks

Co—C
FE(%) = —-_ %

& * %100
FE: o3} & E(filtration efficiency, %)
Ca: oA S A9 H3htEFNaCl)
o] ZE 0] FE(#cm’)
Cy: A S 59 HShEFNaCl)
oo} ZZ£9] = (#em’)

2. ®ofA3
Ao AHg-E HMupA=9] £42 Table 13

Product Design Materials Thickness Pictures
Nylon 50%
A Plate type Polypropylene 40% 1.98 mm
Polyurethane 10%
B Cup type Non-woven fabrics 3.12 mm
Polyester 100%
¢ Plate type (cool comfort fabrics) 0.26 mm
Nylon 84%
D Plate type Polyester 12% 0.60 mm
Spandex 4%
Polyester 100%
E Plate type (micro fiber) 0.78 mm
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Figure 2. Changes of filtration efficiency (FE) of cloth masks by the number of washing time
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Figure 3. Changes of filtration efficiency (FE) of cloth masks by the degree of cloth expansion

Table 2. Change of filtration efficiency (FE) by the number of machine washing

Change of FE(%) A B C D E
(FE! wash - FEo wash)/FEo wash -19.8 10.2 16.9 -4.4 -61.0
(FE2 wash - FEo wash)/FEo wash -23.1 -27.5 53.8 19.7 -33.1
(FE4 wash - FEo wash)/FEo wash 216.4 21.5 134.6 46.3 -2.7
o] TARIT. 18] &2 23] NgolA o3tmeo] 1 e Atk Afsol FoAUA s3te e B
A O A AN 45} SRSl A ol AR W} ek e Folxd
o] 7= (packing density)7} #4dtgl7] W= H7of B¥EE)7F dAY 2349 wAREo] EolE
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