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ABSTRACT (NO MORE THAN 500 WORDS:)

On the one hand, the face mask protects against the penetration of viruses from the wearer or from the
environment to the wearer, but on the other hand it prevents natural breathing. Air consumption in liters per
minute (so-called minute ventilation) is 8 to 10 I/min at rest in both non-sporting and sporting populations.
Under load, air consumption increases to a maximum of 120 I/min, for a trained person it can be up to 180
I/min. ISO/TS 16976-1 specifies the metabolic rate for various types of work from industry to firefighting or
rescue operations. The average value of oxygen consumption in I/min for the most demanding task was 3.55
=+ 0.27 I/min. Due to the proportion of oxygen in dry air (20.93%), the human body's ability to absorb
oxygen (2% to 5%), and the tendency to hyperventilate when the body is stressed, it is known that the
human body can use up to 160 I/min of air (maximum air flow according to the CE standard EN 149:2001 +
A1:2009). According to the CE standard, the maximum pressure difference during exhalation is 300 Pa. A
pressure difference of 100 Pa and higher corresponds to breathing discomfort according to our tests.

The methodology for measuring the breathability of textile layers is based on measuring the air permeability
of textiles according to CSN EN ISO 9237. The air permeability of porous textile layers and sandwiches is
discussed and different approaches for its prediction are proposed.

Air permeability is measured as a function of the pressure difference in the interval from 100 to 300 Pa. The
air permeability values must be recalculated to the area of the nose and mouth (approx. 350 mm?), and thus
obtain the breathability. According to the Darcy and Karman-Kozeny model, it is possible to assume a linear
dependence of air permeability/breathability on the pressure difference (valid for the mentioned low values
of pressure differences). From the measured data, regression equations (straight lines passing through the
origin) can be found corresponding to breathability in liters per nose and mouth area per minute depending
on the pressure difference. The basic characteristic of breathability is then the slope of the regression line
passing through the origin. Using regression equations, pressure differences corresponding to different
respiratory loads can be found, thus determining the level of breathing discomfort for given textile layers.
The proposed methodology was tested on a number of different types of textile structures and sandwiches
composed of them. Nonwoven polypropylene layers composed of a combination of microfibers and
nanofibers were used in the sandwiches, and breathability was monitored with respect to their surface
weight.

It has been shown that a suitable combination of the mentioned textile layers can be used to prepare a face
mask prototype that can have breathability from the level of a commercial mask to the level of a commercial
respirator.

This work was supported by the project ‘Advanced structures for thermal insulation in extreme
conditions’ (Reg. No. 21-32510 M) granted by the Czech Science Foundation (GACR).
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