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ABSTRACT

Experiments have been carried out to measure the magnitude and sign of ESC generated
on the surface of the protective equipment such as face shields, eyeglasses, and goggles to
improve their effectiveness to protect the wearer from viruses. It was found that the face
shield made of polypropylene (PP) generated negative ESC. Because the novel coronavirus
(COVID-19) has negative charge, it is necessary that the surfaces of lenses of goggles and
eyeglasses as well as face shields for health care workers should be made of materials that
gain negative ESC to repel viruses away from the wearers and protect their eyes from
infection.
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INTRODUCTION

Polymeric materials are applied extensively in the protective equipment of people who are
working in health care. Medical face masks, goggles, face shields, gloves, and gowns are
made of polymers that they are electrified easily. Polymeric materials carry electric
charges when they rub against other materials, where the electric field can attract or repel
the electrically charged particles, [1]. Triboelectrification is the process, where different
surfaces gain different types and magnitudes of charge when they come into contact, [2 —
5]. The material has a tendency of gaining a positive or a negative charge when it contacts
or rubs another material. The triboelectric series was introduced to rank materials
according to their triboelectrification, where the higher the position of the material in the
triboelectric series, the more likely it is to obtain a positive charge when it comes in contact
with another material in the lower section of the series, [6 — 8].

Surgical masks are used by surgeons to protect themselves from large droplets, [9].
Because COVID-19 is a respiratory disease, surgical masks are identified as a possible
option to prevent the spread of COVID-19, [10 - 14]. Based on this fact, face masks were
proposed to withstand the severe conditions where virus concentration increases. The
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proposal discussed the possibility of making use of the electrostatic charge (ESC)
generated on the surfaces of the surgical masks to capture or repel the viruses.

The spread of COVID-19 has been a very pressing issue in the global domain, and one of
the most important things to focus on during this time is the safety of all healthcare
workers, for that, face shields were identified as a viable option to help protect them, [15,
16]. This is especially important because the spread of COVID-19 can occur via airborne
routes according to initial investigations, [17 - 18].

Most viruses have a negative charge, ESC, [19 - 21]. This includes COVID-19, [22]. Face
shields are usually made of polycarbonate (PC), acetate, or polyethylene terephthalate
glycol (PETG). PC is the most commonly used. Besides, the above-mentioned materials
are located in the positive section of the triboelectric series, [5, 6 and 23]. It means that
they obtain a tendency to gain a positive charge when they contact other materials. It is
also important to note that air is also on the upper side of the triboelectric series.

This study discusses the role of triboelectrification in improving the effectiveness of face
shields and eyeglasses to protect the wearer from viruses. The proposal discusses the
possibility of making use of the electrostatic charge (ESC) generated on the surfaces of the
polymeric materials of protective equipment and recommending the proper materials.

EXPERIMENTAL

The protective equipment of people who are working in health care includes gloves,
medical face masks, goggles, face shields, and gowns. High levels of precaution are
required to protect them. These precautions include selecting proper materials for the
protective equipment for infection prevention and control of respiratory infections.
Experiments were carried out to measure the ESC generated from rubbing eyeglasses as
well as face shields by different materials. Thirteen goggles and one eyeglass of different
materials as well as face shield made of polypropylene (PP) were rubbed by cotton, paper,
textile, and rabbit fur to recognize the sign of the ESC generated on their surfaces. The
tested surfaces were washed by detergent and dried by air before the test. The electrostatic
field (voltage) measuring device (ULTRA STABLE SURFACE DC VOLTMETER) was
used to measure the ESC, Figs. 1, 2. It measures down to 1/10 volt on a surface, and up to
20 000 volts (20 kV). Readings are normally done with the sensor 25 mm apart from the
surface being tested.
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Fig. 1 Electrostatic field measuring device.
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Fig. 2 Measuring Procedure.

RESULTS AND DISCUSSION

The results of the experiments carried out to measure ESC generated on the outer surface
of the face shield are shown in Fig. 3. The face shield was washed by detergent, dried and
rubbed by cotton. Then ESC was measured for 40 minutes. ESC recorded for the face
shield was ranging between -2000 and -2700 volts. Generally, ESC slightly decreased with
increasing the time. When the wearer used a face mask and the face shield, ESC recorded
higher values reached to -4900 volts then decreased to -2950 volts after 40 minutes. It
seems that the material of the face shield (PP) was responsible for the negative ESC. The
face mask was made of PP that added more negative ESC to the face shield.

In addition to that, it is necessary for health care workers to use goggles or eyeglasses to
protect their eyes from infection. The lenses should be made of materials that gain negative
ESC. It was shown that ESC generated on the surface of the lens of eyeglasses versus time
recorded relatively higher values of positive ESC. The right lens showed higher values
than the left one that decreased from 5000 to 176 volts in 45 minutes. This type of eyeglass
is not recommended to be used.

ESC generated on the surface of the lenses of the tested thirteen goggles after rubbing by
different materials is illustrated in Figs. 5 - 9. Before measurement, the lenses were gently
rubbed by cotton, paper, textile, and rabbit fur. Besides, water vapor was used to rinse the
lens. It was noticed that lenses rubbed by cotton, paper, rabbit fur recorded the highest
ESC values followed by textile and water vapor. The highest value of ESC reached -1466
volts noted for paper rubbing, Fig. 5. It was found that the deviation in ESC generated
from the two lenses was significant.
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Fig. 3 ESC generated on the surface of face shield versus time.
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Fig. 4 ESC generated on the surface of the lenses of eyeglasses versus time.

The highest ESC generated on the surface of the lenses of goggles (4, 5) was recorded for
that being rubbed by textile that is used to clean the lens, Fig. 6, where the values reached
1870 volts. The lowest values were observed for water vapor. The same trend was observed
for goggles (6, 7, and 8) with relatively lower values of ESC. Goggles (9, 10) displayed the
highest positive ESC where lens rubbed by textile and paper gained 3440 and 3055 volts
respectively, Fig. 8. The goggles (11, 12 and 13) showed a negative ESC down to -2000 volts
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displayed by rabbit fur rubbing followed by textile, paper, water vapor, and cotton, Fig.
9. Lenses without rubbing showed the lowest values. The materials of those goggles should
be selected carefully and be recommended.
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Fig. 5 ESC generated on the surface of the lenses of goggles after rubbing by different
materials.
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Fig. 6 ESC generated on the surface of the lenses of goggles after rubbing by different
materials.
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Fig. 7 ESC generated on the surface of the lenses of goggles after rubbing by different
materials.
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Fig. 8 ESC generated on the surface of the lenses of goggles after rubbing by different

materials.
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Fig. 9 ESC generated on the surface of the lenses of goggles
after rubbing by different materials.
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Fig. 10 Ilustration of the repulsive force
between the face shield and negatively
charged viruses.

Fig. 11 Illustration of the repulsive force
between the eyeglass lens and negatively
charged viruses.

Usually, Face shields, eyeglass, and goggles are used to cover the face of the wearer. It is
used in conjunction with other personal protective equipment. It is proposed that the outer
face shield must have negative ESC so that a repulsive force between the negatively
charged viruses and the face shields could be generated. Besides, the contact between the
face shield and the air stream would cause negative charge on the face shield, Figs. 10, 11.
Having a negatively charged outer layer of the face shield may be the correct choice. It
will help repel viruses away from the wearer of the face shield. If the material of the face
shield has positive ESC, it will only attract viruses either towards the shield or towards
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the face of the wearer. Based on that mentioned above, it is recommended to select such
materials that gain strong negative ESC.

Table 1 Triboelectric series of engineering materials.

Polyamide

Aluminum
Paper

Cellulose acetate
Cotton
Polyurethane elastomer
Wood
Styrene-butadiene
Hard rubber
Polyethylene glycol terephthalate

)

Polyacrylonitrile
Polyvinyl chloride
Polystyrene
Polyethylene

Materials of negative ESC
(RECOMMENDED)

<

Generation of ESC from contact and separation as well as sliding of materials is defined
as triboelectrification. The engineering materials develop ESC during contact and sliding.
The magnitude and polarity of the charge depend on the type of material. Engineering
materials are arranged in the triboelectric series, where the higher positioned materials
acquire a positive ESC when being rubbed with or when they come in contact with a
material at a relatively lower position in the series, [23]. Table 1 shows the triboelectric
series of some of the engineering materials. The materials that are in green and blue colors
are recommended to be used due to their tendency of gaining a negative charge that can
repel the negatively charged viruses away. In the condition of using materials of positive
charge, they should be coated by materials of negative charge.
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CONCLUSIONS

1. The face shield, made of PP, generated negative ESC that decreased with increasing the
time. ESC recorded higher values for face mask and face shield together.

2. The lenses of goggles and eyeglasses for health care workers should be made of materials
that gain negative ESC. It was found that the deviation in the values of the ESC generated
from the two lenses was significant.

3. Among the thirteen goggles, only three types showed negative ESC displayed by rabbit
fur rubbing followed by textile, paper, water vapor and cotton. Lenses without rubbing
showed the lowest values. The materials of those goggles can be recommended.

4. Having negatively charged outer layer of the face shield may be the correct choice. It
will help repel viruses away from the wearer of the face shield.

5. It is recommended to select the materials that gain strong negative ESC.
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