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Abstract

The safety of personal protective equipment (PPE) is very important, and so is the choice of materials used. The ability of
electrostatic charges (ESCs) generated from the friction of engineered materials to attract or repel viruses has a significant
impact on their applications. This study examined the ESCs generated on the surface of PPE used by healthcare workers
to enhance their potential effectiveness in protecting the wearer from viruses. This is a crucial consideration for the newly
emerged severe acute respiratory syndrome corona virus 2 (SARS-CoV-2), which has a negative charge. The magnitudes
and signs of generated ESCs on the surfaces of the PPE were determined experimentally using an Ultra Stable Surface DC
Voltmeter. The high negative ESCs acquired by the polyethylene disposable cap and facemask are expected to repel nega-
tively charged viruses and prevent them from adhering to the outer layer of the material. Also, the choice of polypropylene
for facemasks and gowns is excellent because it is an aggressively negatively charged material in the triboelectric series.
This property guarantees that facemasks and gowns can repel viruses from the wearer. However, the positive ESCs gener-
ated on latex glove surfaces are of great concern because they can attract negatively charged viruses and create a source of
infection. In conclusion, it is necessary to ensure that PPE be made of materials whose surfaces develop a negative ESC to
repel viruses, as well as to select polyethylene gloves.

Introduction

Electrostatic charges (ESCs) generated from the friction of
engineered materials have important implications for their
applications as the use of polymeric materials increases.
ESC built up on human skin and/or clothes in direct contact
with the human body has the potential to attract or repel
viruses, with potential implications for human health and
safety. Viral particles may have a net charge, depending on
the cumulative charges of their genetic material and that of
the surface proteins. The genetic material (DNA or RNA)
[17, 23] provides a partial negative charge, and indeed most
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viruses are reported to have a negative ESC [11, 12]. One
study suggested that a residual net negative charge exists in
the core of coronaviruses [20], while the crystal structure
of the N-terminal domain (N-NTD; lumen) of the N protein
of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) exhibits localized segregation of positive and nega-
tive charges [13].

The natural charge of viruses can be exploited for several
purposes. An applied electric field can be used for capture
or repulsion of viral particles [14]. For example, protective
electrostatic composite fiber fabrics made of a graphene
oxide (GO) layer mixed with polymethyl methacrylate
(PMMA) was designed to repel the negatively charged spike
proteins of airborne viruses [23]. In addition, the strong
electric field alters the induced dipole of the viral proteins
[19], causing permanent damage in the form of electropora-
tion, which allows positive salt ions to diffuse into the virus,
leading to its inactivation and disintegration. Importantly, a
few recent studies used this principle and an electric field
over metallic foam to disinfect water [18, 21]. The process
depends on a coating of carbon nanotubes (CNT) over the
metallic filter where electroporation is carried out to dis-
able the viruses. Similarly, an X-ray-enhanced corona system
has been shown to be effective for nanoparticle capture and
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could be used not only to capture viral particles [10] but
also to completely inactivate the trapped biological particles.

Building on the above, experiments were carried out
recently to develop clothing that could inactivate or repel
coronaviruses such as that causing coronavirus disease 2019
(COVID-19) [6]. This approach depends on electroceuti-
cal materials that generate electric fields across the fabric
surface to disrupt the behavior of bacteria or viruses. To
achieve such an effect, spots of silver and zinc, one to two

millimeters wide and spaced one millimeter apart, were
printed on polyester textile. The virus that causes COVID-
19, SARS-CoV-2, is known to have a negative ESC [15]
and, according to initial investigations, to spread via droplets
and the airborne route [9, 22, 24]. In line with these traits,
when the designed textile is wetted with saliva, vapor, and
respiratory droplets, the silver and zinc generate a weak
electric field that repels viruses on the surface. The use of
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a combination of woven cotton and silk or polyester chif-
fon as the electrostatic layers [15] can increase the filtration
efficiency.

Meanwhile, personal protective equipment (PPE) is made
of polymeric materials that are easily triboelectrified; that is,
they gain a positive or negative ESC from rubbing against
each other. The resulting electric field can attract or repel
electrically charged particles, including viruses [3]. The
triboelectric series ranks materials according to their ESC
gained by triboelectrification [4, 7, 25]. Recent studies have
highlighted surgical masks as a good option for retarding
the spread of COVID-19 due to its nature as a respiratory
disease [2, 5, 8, 16, 22, 24]. It was subsequently proposed to
make use of an ESC generated on the surgical masks surface
to capture or repel the viruses [1]. More broadly, to ensure

that PPE is properly protective, it is necessary to know the
sign and intensity of ESC gained by the polymeric material
of which it is composed. Hence, in this study, we examined
triboelectrification of polymeric materials used in manufac-
turing medical PPE and recommend specific materials that
will enhance the wearer’s safety.

Materials and methods

We investigated the ESCs generated by the contact, separa-
tion, and sliding of items such as facemasks, gloves, disposa-
ble caps, and gowns (Fig. 1). The facemasks and gowns were
made of polypropylene (PP), the caps were made of polyeth-
ylene (PE), and the gloves were made of latex. Electrostatic
fields on the tested items were measured in terms of voltage
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using an Ultra Stable Surface DC Voltmeter. Readings were
recorded by a sensor 25 mm from the tested surface. The
tested materials were attached to a wooden block with a
surface of 50 X 50 mm. Specimens used as the counter-face
were prepared in strips of 100 mm width and 300 mm length
and fastened to a wooden plate with a surface of 400 x 400
mm (Fig. 2). Tests were carried out at room temperature
under normal loads ranging from 10 to 80 newtons (N). The
wooden block was slid manually for a distance of 200 mm.
After contact and separation or sliding, the ESC was meas-
ured using the DC voltmeter.

Results and discussion

Contact and separation or sliding of dissimilar materials
generates an ESC, during which each material gains charges
of opposite polarity (Fig. 3). Polymeric materials are ranked
according to their relative polarity in what is called a "tri-
boelectric series". Materials that gain a positive charge
when rubbed with another material are ranked more highly
(Fig. 4). This ranking series allows the relative charge polar-
ity and intensity of a set of materials to be determined.

The results of the experiment carried out to measure ESC
from contact and separation along with sliding of the tested
materials are presented in Figures 5, 6, 7, and 8. With con-
tact and separation of the disposable cap and hair (Fig. SA),
the hair gained a positive charge and the cap gained a nega-
tive charge. Moreover, the generated ESC increased signifi-
cantly when increasing the applied load, with the negative
ESC ranging from -220 to -650 volts. Sliding of the dispos-
able cap on hair generated still higher values of ESCs, reach-
ing maximum values of 2846 and -3804 volts for hair and the
disposable cap, respectively (Fig. 5B). It is well known that
PE, from which the disposable cap was made, develops a
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Fig.5 (A) ESC generated from contact and separation of the disposable cap and hair (B) ESC generated from sliding of the disposable cap on

hair
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Fig.6 (A) ESC generated from contact and separation of the facemask and skin (B) ESC generated from sliding of the facemask on skin

o]
o
o

A

ESC, Volts

500

-500

-1000

-1500

-2000

M

O Hair

m Facemask

Contact and Sepration

40 50 60 70 80 90

Load, N

10 20 30

ESC, Volts

2000

1000

-1000

-2000

-3000

-4000

O Hair

® Facemask

0 10

20

30

40 50
Load, N

60 70 80

90

Fig.7 (A) ESC generated from contact and separation of the facemask and hair (B) ESC generated from sliding of the facemask on hair

A

ESC, Volts

100

50

-100

-150

-200

I

A Glove

Contact and Sepration °
10 20 30 40 50 60 70 80 90
Load, N

B

ESC, Volts

1000

500

-500

-1000

-1500

-2000

-2500

-3000

A
M
[ ]
A Glove
® Gown
[}
[ J
0 10 20 30 40 50 60 70 80
Load, N

90
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negative charge when in contact with hair. The high negative
ESC gained by the cap is expected to repel viruses, which
also have negative ESCs, preventing them from adhering to
the outer layer of the cap.

The generation of ESCs from contact and separation of
facemask and skin is shown in Figure 6A. Values measured
for the skin are very low due to the good electrical con-
ductivity of the human body, while the facemask acquired
higher negative values of up to -1984 volts. In terms of the
safety of medical protective equipment, the choice of PP for
the facemask is quite good because PP is ranked in the tri-
boelectric series as an aggressively negatively charged mate-
rial. This property guarantees the repulsion of viruses away
from the facemask; indeed, it is known that generation of a
negative ESC on the surface of a facemask can be considered
a means of exerting a repulsive force against viruses in the
air. The same trend in ESC values was observed for sliding
of the facemask on skin (Fig. 6B).

ESC data from the contact and separation of facemask
and hair are shown in Figure 7A. The facemask gained -1641
volts at an 82 N load, while under the sliding interaction,
the ESC increased to -3751 volts (Fig. 7B), which is even
higher than that measured for the contact and separation of
facemask and skin. Generally, the values were high enough
to repel negatively charged viruses. When using a positively
charged material for a facemask or disposable cap, it cannot
be guaranteed that the wearer will be protected; moreover,
the external surfaces of the facemask and cap would them-
selves be sources of infection.

The ESC values generated from contact and separation
of the gloves and gown were relatively low (Fig. 8A). The
highest value gained by a glove was 50 volts, while the maxi-
mum gained by a gown was -176 volts. Sliding of a glove on
a gown resulted in higher values (Fig. 8B), with the glove
gaining 555 volts, while the gown achieved -2534 volts. The
positive ESC generated on the glove surface is of great con-
cern, because it can attract negatively charged viruses and
enable infection of other individuals. Meanwhile, the gown
can be considered safe due to its negative ESC. In a recent
study, PE was recommended as a material for gloves and
gowns in order to achieve lower ESC values.

Summary and conclusions

Contact and separation or sliding of a disposable cap and
hair generated high ESC values. The disposable cap gained
a negative charge, which is expected to repel viruses and
prevent them from adhering to the outer layer of the cap.
Likewise, the choice of PP as a material for facemasks is
quite good. PP is ranked in the triboelectric series as an
aggressively negatively charged material, which makes it
likely to repel viruses. It is known that generation of a

@ Springer

negative ESC on a facemask surface can be a means of
exerting a repulsive force against viruses in the air. When
testing facemasks, higher ESC values were achieved for
contact and separation with hair than with skin. Finally,
sliding of gloves on gowns achieved higher ESC values
than did their contact and separation. However, the posi-
tive ESC generated on the glove surface is of great concern
because it can attract negatively charged viruses and act
as a source of infection. Manufacturing gloves and gowns
from PE is recommended for ensuring lower ESC values.
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