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Abstract:
Most face masks consist of 3 layers, the middle layer of which forms the actual filter, see Fig.1. It
consist of melt blown polypropylene fibers of about 2 µm, which are charged by a high tension corona
discharge during the production. The fibers are thus turned into electrets. This charging enhances the
capturing of submicron particles (like the droplets that carry the Covid-19 virus). This increase in
efficiency comes for free, because it does not cause in increase in pressure drop. The long-term
storage of charges in polymers is an interesting process that is ruled by surface and interfacial
phenomena.

Fig. 1 Face mask made from nonwovens from TNT (Italy). The main filtering is done by the middle MB-layer,
with its thinner fibers charged by corona [8].

We will review the past and future use of electret fibers for respiratory protection and other
filtration applications. We will start with electret filters made by fibrillation of stretched PP-films
highly charged bipolarly with 2 dc-corona’s [1]. Next we will outline a special corona set up designed
for the on-line charging of melt blown webs [2]. The clue is that we first enclose the web between two

Fig. 2 Two-sided HV corona charging of webs using 2 foils to
cover the web [2]. Dielectric barrier discharges are thus created in the many air voids within the web. This
secures that bipolar charges are injected into the fibers.
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polymer foils of 2 µm, before we charge it from both sides with opposite dc-corona’s, see Fig. 2. This
again ensures bipolar charging of the fibers. It further prevents holes in the web being formed by
sparking. The web can furthermore be compressed by the foils, this offers a simple means to increase
the charge density.
Our method differs from the corona charging of webs commonly used [3-12]. This charging is
simply carried out by putting the web on a metallic support and corona charging it from one side. This
creates a unipolar charge on the fibers, which for several reasons is less attractive. During the talk we
will propose a modification of the method advocated in [2] aimed at increasing the bipolar charge
density in open porous media.

Fig. 3 Common corona charging of a
melt blown web from one side, from H. Zhang et al, J. Appl. Polym. Sci. 2018, art.45948. This injects unipolar
charges, which are only durable at low charge levels.

Clearly, the stability of the charges with respect to time, temperature and exposure is crucial[35,10-12]. We will outline various ways to improve the lifetime of polymer electrets. The crystallinity
e.g. plays a crucial role, because the crystallites effectively block any charge transport.
Filtering with electrospun fibers will also be addressed, because spinning with a high voltage
produces nanofibers. These strongly enhance the filtering surface and lower the pore size and thus
boost the capturing of dangerous particles. Future face masks will therefore likely consist of layers of
nano- and microfibers combined [5-12]. They too can be charged with corona.
Finally, we will briefly discuss the reuse, recharging and self-powering of face masks [6-14].
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